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ABSTRACT

A cross-sectionof the United States
industry, including shipyards,ship design

shipbuilding
agents, classification

societies,and foundries,is interviewedwith the objective
of establishingthe state-of-the-artin stern frame and hawsepipe
design and constructiontechniques.

The findings from the interviewsare evaluated to
determine different,more productivestern frame and hawsepipe
configurationsfor single screw vessels in three recommended
sizes most representativeof the ships being constructednow in
U.S. shipyards or contemplatedfor constructionin the future.

For each of the three vessel sizes, alternative
designs and producibilityanalyses, including cost estimates,
are prepared incorporatingthe most feasible stern frame and
hawsepipe configurations.

A comparativeanalysis is performed to establish the
most productive designs for each component.
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SECTION 1.0

INTRODUCTIONAND SUMMARY

1.1 Background and Objectives

The subjects of the present study, stern frames and hawsepipes,
are both important contributorsto the trouble-freeand efficient
operation of seagoing ships.

The stern frame, as the name implies, is the heavy stern-most
structureof a.ship supportingthe rudder only or both the rudder and
the propeller shaft, dependingon the number of propellers.

The hawsepipe is a tube throughwhich the anchor chain is led
overboard;it is usually reinforced bybolsters at the deck and the
shell to increase enduranceand guide the chain and anchor.

The National ShipbuildingResearch Program, under the
sponsorshipof the Maritime Administration,includes a study of
the stern frame and hawsepipe fabricationtechniqueswithin the
frameworkof “Outfit and ProductionAids Projects.” Expressed in
most general terms, as in [1]*, the objectiveof the project is to
“evaluatedifferent alternativesto the presently purchased stern
frames and hawsepipes, and.determine the benefits, if any, to
be derived.”

More specifically,the objectivewas described in the
specificationfor the subject study, by Todd ShipyardsCorporation
Seattle Division, [2], in the followingmanner:

“Large castings have become extremelyexpensiveboth in money
and required lead times. The advances in welding technology,and
the advent of inboard accessiblestern tube bearings, permit virtually
all weldments with the prospect of savings throughbetter control of
material quality, less weight, and more effectiveproductioncontrol.’t

...the objective of this project is to provide U.S. shipbuilders
with meaningful comparisonswhich would assist them in identifyingthe
most productive stern frame and hawsepipedesigns.”

These objectiveswere to be realized through visits to “at
least six shipbuildingfirms,” contactswith regulatorybodies, and
investigationsof foreign trends by literature search and inspection

* Numbers in brackets denote referenceslisted in Section 6.0.
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of foreign-builtships. The alternativestern frame and hawsepipe
designs and their technicaland economic comparisonswere to be
developed on the basis of results obtained from the surveys and
commentsreceived from the shipbuildingindustry.

The study was limited to stern frames for single screw
vessels.

1.1.1 Stern Frame Configurations

For single screw vessels, the stern frames must support
the rudder as well as the tail-shaftand the propeller.

Stern frames for single screw vessels can be
categorizedin four basic groups dependingon rudder
configuration:

The first group is for unbalancedrudders as shown
in Figure 1-1, which is characterizedby a shoe piece and a
rudder post extending verticallydownward from the hull to
the shoe.

The second group is for balanced,top and bottom supported
rudders, Figure 1-2, where the rudder post is no longer needed.

The third group is for balanced horn rudders, Figure
1-3, where the shoe is absent and the rudder post is replaced
by a rigid horn that extends only part of the rudder span
vertically downward from the hull, Figure 1-4.

Another stern frame configurationis the one for
spade type balanced rudders, shown in Figure 1-5, which
have no shoe, rudder post, or horn.

Details of arrangementand descriptionsofthe functions
of each component in these stern frame configurationscan be
found in [3].

1.1.2 Hawsepipe Configurations
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Figure 1-4:

Single Screw
Rudder Horn
Stern Frame

Figure 1-3:

Single Screw
FabricatedRudder Horn
Stern Frame
(Reproducedfrom
Ref. #3, 1969 Edieion)



Hawsepipe configurationsconsist of the pipe through
which the anchor chain runs and the anchor shank stows,
Figure 1-6, and means of protecting the deck and shell
adjacent to the ends of the hawsepipe, such as bolsters,
doubler plates and/or chain rollers, Figures 1-6 through 1-8.

Other existing hawsepipe configurationsinclude the
anchor pocket to more safely stow the anchor, Figure 1-6,
and the billboard type stowagewhich actually has no hawsepipe
at all, Figure 1-9.

Additional informationfor bawsepipe configuration
details can also be found in [3].

1.2 Study Approach

The statement of work as delineatedin [2] was transformed
into two major phases, and each phase was further
as shown below:

o Phase I: Surveys and Analysis

- Literature Search
- Preliminary Surveys
- Final Surveys
-Data Analysis and Evaluation

o Phase II: AlternativeDesigns and

divided into tasks

Investigations

- Determinationof Baseline Ships
- Developmentof Alternative Stern Frame and Hawsepipe

Designs
- Producibilityand ComparativeCost Estimates

On the basis of alternativedesigns developed in Phase II,
recommendationsto be made to the classificationsocieties regarding
possible changes in the rules governing stern frame and hawsepipe
designs were also considered.

In the first phase of the study the scope of surveyswere
expanded to cover eight major U.S. shipbuildingyards and two foundries,
two design agents, the American Bureau of Shipping and the U.S. Coast
Guard. The informationsought, and recorded to the extent that it was
made available,were the following:
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Figure.1-9: Gotaverken
Bi11board and Kockums
Chain Stopper
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0

0

0

0

0.

0

current and/or proposed detail designs

estimatesof required resources to construct
stern frames and hawsepipesin terms of manpower,
material, facilities,and time

capabilityto produce and special skills required

problems encounteredin planning, scheduling,
manufacturingand testing

U.S. Governmentrestrictions

ClassificationSociety requirements

The second phase consistedof developingalternativestern
frame and hawsepipe designs for three sizes of single screw vessels
which were most representativeof the ships being constructedor
contemplatedfor constructionin U.S. shipyards,and comparing them
from the standpoint of producibility.

Alternative designs were to be proposed for three single
screw ship sizes, of approximately30, 80 and 200,000 DWT capacity,
for which detail design drawings for the stern frame and hawsepipe
arrangementswere available.

By adaption of existingdetail drawings,or by original
effort where necessary, the followingalternativefeasibility
designs were to be developed for each of the baseline ships as
approved by the MARAD Research and DevelopmentManager at Todd
Seattle:

o a stern frame incorporatingconventionalstern
tube bearing and castings to the degree that they
are.still.being used in U.S. shipyards

o a stern frame featuringvirtually all weldments
and a conventionalstem tube bearing

o a stern frame consistingof virtually all weldments
and an inboard accessiblestem tube bearing

o a hawsepipe of the conventionaltype without
deck bolster

0 a hawsepipe of the billboard type

The scope of these designs and their level of detail was to
be limited to only that necessary to perform the required comparisons
of producibility.
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The producibilityof each design was to be consideredin
terms of the followingmajor considerations:

o

0

0

0

Manpower: Labor required to layout, fabricate,
assemble and test.

Material: Direct material needed to construct
and assemble the components.

Facilities: Special facilitiessuch as welding
or testing equipmentneeded in the manufacturing
process.

Time: Length of time needed to
completeunits on a comparative

1.3 Summary of Results

The data obtained from all
were tabulated in the form of an
results are presented in Section

manufacture
basis.

preliminaryand final surveys
all-inclusivematrix. The survey
3.0 in brief; excerpts from some

surveys and the all-inclusivematrix are includedin-AppendixA.

The three baseline ships selected,and approved,for use as
referencevessels for alternativestern frame and hawsepipe
feasibilitydesigns and comparativeproducibilityestimateswere
the following:

o 38,300 DWT Oil Carrier

o 89,700 DWT Oil Carrier

0 188,500DWT Oil Carrier

The criteria and rationalefor the selectionof these vessels
as baseline ships can be found in Section 4.0 along with nine
alternativestern frame and six alternativehawsepipe feasibility
designs developedfor them. Back-up data is in Appendix B.

The comparativeproducibilityestimatesfor each alternative
design are summarized in Section5.0 and the details and back-up
informationare provided in Appendix C.

Comments received from the shipbuildingcommunityas a result
of their reviews of the interimproject report, the alternative
designs/producibilityestimates and the draft final report are pre-.
sented in Appendix D.
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As much as practicable of these commentswere incorporatedinto the
final feasibilitydesigns and cost estimates.

Only one proposed rule change, relative to the use of chain rollers
in lieu of deck bolsters,was made to the American Bureau of Shipping; and
the Bureau has indicated its intention to consider this change.

The authors’ conclusionsand recommendationsalong with suggested
areas for further study are presented in Section 2.0.



SECTION 2.0

CONCLUSIONSAND RECOMMENDATIONS

In the present
the producibilityof

study, primary emphasiswas placed on determining
alternativestern frame and hawsepipe designs.

However, in surveying the shipbuildingindustry for this-purposeand
also in designing and analyzingvarious probable arrangementsfor
these components,valuable insighthas also been obtained regarding
their configurationsand designs.

Eased on this insight, and also on comments received from a
representativecross-sectionof the U.S. shipbuildingcommunity,
a number of conclusionswere reachedwhich may prove useful as a
guide to the industry in the selection,design, and construction
of stern frames and hawsepipesfor new vessels.

The findings of the study and the resulting conclusionsare
presentedbelow, in brief, separatelyfor the two components,along
with recommendationsfor futurework as found appropriateby the
project investigators.

2.1 Stern Frames

2.1.1 Findings

o The U.S. shipyards,consistently,prefer a stern frame
configurationincorporatinga rudder horn (semi-
spade rudder).

o With the exceptionof two shipyards,where two recently
built classes of vessels were equipped with inboard
accessible stem tube bearings, little experience
exists in the U.S. shipyardson IAST applications.

o Vessels with both all-cast and all-welded stern frames
are being presentlyconstructedin the yards.
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0

0

0

0

In designing the stern frames,most yards follow the
classificationsociety regulationsand detail the
designs on the basis of their own accumulated
experience.

The yards anticipate serious difficultiesin obtaining
very large castings of good quality within acceptable
lead times in the future. This problem, however, has
not so far significantlyaffected their decisions to
use castings or weldments.

Foundries are confident that they can meet the
future needs of shipyardsbut emphasize that the two
should work together to finalize the design of
castings for favorableproductiondelivery periods.

The prevalent delivery periods seem to range from
6 to 12 months depending on the size and the complexity
of the stern frame designs.

2.1.2 Conclusions

o

0

0

0

Normalshipyard facilitiesare adequate for assembling
both the all-cast and the all-weldedstern frames.

Required shipyardmanpower will be greater for all-
welded stem frames since they are more labor intensive
than castings.

Planning-schedulingconsiderations,manpower
requirements,and available time frames vary from
shipyard to shipyard and ship to ship. Consequently,
when the results presentedin this.study are to be
interpretedfor a specific application these considerations
must be taken into account on a case basis.

The stresses allowed in the stem frames are low.
However, the mass and the rigidity of the stem frame
structure are consideredto be important criteria in
minimizing shaft deflectionsand absorbing local loads
without significantmovement. These criteriamust
thereforebe taken into account in the design stages.
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o The cost of fabricatedstern frames is significantly
smaller than that of cast stern frames for single as
well as multiple ships.

o An all welded stem frame with inboard Accessible Stern
Tube (IAST)is significantlyless expensive than a con-
ventional cast stem frame.

2.1.3 Recommendations

0 The overall constructioncosts and life cycle costs of
the inboard accessible stern tubes should be investigated.
The adoption of IAST’s in a stern frame design will
affect the installationof propeller shafts and shaft
bearings and the lifelongmaintenanceand repair costs
for the vessels. In this sense, the shipbuildersmay
recommend to the ship owners that they favor the use of
IAST in their new ships for the benefits of decreased
maintenance costs as well as lower initial costs as com-
pared to all cast designs.

o As a long term objective,it may be suggested that the
real.necessity of having bulky and low-stressedstern
frames be criticallyinvestigated. Such an investigation
may result in modified stern configurationswhich may
reduce the effort presently spent on this section of
the-shipsand enable the yards to incorporate the stern
structure into modular constructiontechniquesin a
more favorablemanner.

o Although purchasing stern frame castings is currently
not very critical and may not be so in the near future,
the significantlysmaller costs of all-welded stern frames
warrant their considerationfor all new constructions.

2.2 Hawsepipes

2.2.1 Findings

o

0

0

Hawsepipes, or in more general terms, “anchor stowing
configurations," show significantvariation from ship
to ship even within the same shipyard.

Aestheticsmay play a large role in the selection of
one or the other type of anchor stowing configurations.

Cast deck and shell bolsters are still in use on some
ships; they have, however, been completelyreplaced by
doubler plates and fairleadson some other ships.
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o The scantlingsof hawsepipes are mainly governed
by wear and tear considerations.

2.2.2 Conclusions

An all-weldedhawsepipe is almost consistently
consideredto be more produciblethan a hawsepipe
with castings.

The producibilityanalyses indicate that, on a
comparativebasis, the differenthawsepipes or other
anchor stowing configurations,do not show significant
variations in cost. They are, in effect, relatively
inexpensiveparts of ships.

2.2.3 Recommendations

o The selectionof an anchor stowing arrangementfor
a specificvessel should be based on its compatibility
with availabledeck spaces, with bulbous bows and bow
thrusters,if any, and on maintenance and aesthetics
considerations. Producibilityof the arrangementis
not consideredto be a significantfactor.

o The billboard type anchor stowage arrangementdeserves
favorableconsideration,wherever applicable,as a
practical configuration.

0 No major classificationsociety rule-changeswere found
to be necessary;however, one minor suggestionto
include the option of incorporatingchain rollers in
lieu of deck bolsters was made by the project investi-
gators. Copies of Todd Seattle’s letter forwarding this
suggestionto the American Bureau of Shippingand the
proposed rule change can be found in Appendix F.
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SECTION 3.0

SURVEY OF U.S. SHIPBUILDINGINDUSTRY

REGARDING STERN FRAME AND HAWSEPIPEPRACTICES

3.1 General

In order to realize the objectivesof this study, and as
called for in the specifications,the United States shipbuilding
industry practices for the design, fabrication,and testingof
stern frames and hawsepipeswere subjected to a comprehensivesurvey.

Preceding the surveyswas a thoroughliteraturesearch to
determine the state-of-the-artof fabricationtechniquesand to
establish a methodology for conductingthese surveys. Extracts from
major references reviewed are included in Appendix E. In essence,
the literature survey resulted in a compilationof the industry’s
past experienceand future trends in the production of stern frames
and hawsepipes.

It was considered’necessaryto include into the scope of
surveys the questions covering the followingareas as applicable to
stern frame and hawsepipe practices:

0

0

0

0

0

0

0

Design loadings

Configuration

Constructiontechniques

Economics

Classificationproblems

Welding considerations

Problems with castings

These areas were explored duringpreliminary surveys,and the
approachwas formulatedas a “survey questionnaire,”which was then
used as the basic methodology in conductingsubsequentfinal surveys
at shipyards,design agents, foundries,and regulatorybodies.
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3.2

The
Basically

Survey Format and Questionnaire

questionnaire,in its entirety,is included in Appendix A.
it consists of questionsand informationrequests-inthe

seven categoriesmentioned above. This type of a subdivision
permitted discussions in depth within the limited subjectmatter and
facilitatedcompilationand comparisonof results from surveys at
different shipyards.

The questionswithin the seven categorieswere intended to
yield responses that would indicatewhat types of stern frame and
hawsepipe configurationsare likely to be built in the future;what
specific constructionprocedurescould be used; planning, scheduling
and tooling considerations;available design loadings for development
of alternatives;economics of producibility;welding capabilityand
vendor interface and its impact on schedulingand planning.

3.3 Survey Results

Both the preliminaryand the final surveys at shipyards
consisted of interviewswith key personnelusing the questionnaire
developed for this purpose. Plans of ships presentlyunder construction
and of ships built in the past were reviewed. A tour of the
shipyard to inspect vessels being built and the manufacturingmethods
used in the production of stern frames and hawsepipeswas included.

The data from these surveyswere subjected to a comparison
and evaluationin order to define those areas where more information
was needed. The results of this continuingevaluationwere used to
modify and/or update the survey format.

Brief summaries of the results from surveys conductedat
shipyards,regulatory bodiess design agents, and foundriesand
from industry comments received during various phases of the
study are presented below separatelyfor each category. More
detailed informationon survey results and a comprehensivecom-
parison matrix can be found in Appendix A. Industry comments,
in greater detail, are presented in Appendix D.

3.3.1 Configurationof Stem Frames and Hawsepipes

3.3.1.1 Shipyards

Two shipyardswere visited for
preliminary surveys, and final surveys
in six additional.shipyards.

the purpose of
were conducted
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The stern frame and/or hawsepipe configurations
for the following range of ship types and sizes were
inspected during visits to shipyards:

Oil Tankers: 35,000 DWT to 390,000 DWT Capacity

LNG Carriers:
Rectangularor Membrane Tanks

Container Ship: 33,800 DWT Capacity

Ammonia Carrier: 32,000 m3 Capacity (conversion)

Stern frame and hawsepipe configurationand
arrangement drawings for most of above vessels were
obtained from the shipyards

(a) Stern Frames

- Among all the stern
examined, the most frequent

building them.

frame configurations
design was that for a single

screw vessel using a semi-balancedrudder mounted on
a horn, Figure 3-1. The reasons for this preferenceare
that the flow to the propeller is unobstructed,that the
horn can easily be incorporatedinto the stern module and
provide good support for the rudder, and that the rudder stock
diameter is acceptable.

A shoe piece, especiallyon a large ship, might
cause vibration problems due to its size and proximity
to the propeller. Large stocks required for spade rudders
are considered to be significantsources of problems for
this type of configuration. For these reasons, the
configurationsof stern frames with shoe pieces (see Figure
1-1 of Section 1.0) and with spade rudders (see Figure 1-5
of Section 1.0) are very seldom used.

The semi-balancedrudder with horn also appears
to be the most favored configurationfor future consideration.
Shipyards indicated that they would build any type of stern
frame required, but would try to influenceOwners’ opinions
toward the adoption of the horn type configuration.

Stern frame configurationswith-inboardaccessible
stern tubes were also observedat two shipyards. Figure 3-2
is a photograph of the inboard accessiblestern tube on a
large tanker. Figure 3-3 shows the stern view of a small
tanker where an inboardaccessiblestem tube is also installed.
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Figure 3-1: Semi-balancedRudder on Horn
(Reproducedfrom Ref. #3, 1955 Edition)
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Figure 3-2: Inboard Accessible Stern Tube ona Large Tanker

3-5
.



Figure 3-3: Inboard
Accessible Stern Tube on
38,000 DWT Tanker

Figure 3-4:. Fabricated :
Hawse Pipe of Two Half
Cylindersof Different
Thickness

Figure 3-5: Deck
Doubler and Chain
Guide



The main reason for the selection of inboard
accessible stern tubes for these two vessels was the ease
of maintenance; the preferencedid not indicate thoughts
given to favorableproducibilityof this configuration.

Hawsepipes

In general the configuration— of the hawsepipe
varies with the type of bow and the size of the ship. On
larger ships with a bulbous bow, the hawsepipemust be
far enough aft to allow the anchor to drop clear. If
the hawsepipe is too far aft, however, the anchor might
accidentallydrop on a working tug, or foul the bow
thruster. Consequently,on every ship there is only a
very narrow area where the hawsepipe can be located. A
further considerationaffecting the hawsepipe is the
necessity of having the anchor high enough on the ship’s
side to be above the bow wave, which sometimesresults in
too shallow a slope, causing the anchor to jam in the
hawsepipe. The most common solution to this latter
problem is to get a fairlead roller near the inboard end
of the hawsepipe to reducefriction or to cut away the
shell plating creating a pocket at the lower end of the
hawsepipe.

The hawsepipe configurationsused in the more
recent past all appear to incorporatefabricatedpipes, as
shown in Figure 3-4, but with different deck and sideshell
protections such as deck doubler and chain guide (Figure
3-5), sideshelldoubler plate (Figure306). No specific
configurationappears to be especiallypreferable to
the shipyards. The choice appears to belong to the
Owners.

One shipyard stated that they have had "excellent
expediencewith a Kocks roller chock with built-in riding
pawl” on one recent ship they constructed. Reportedly, this
arrangement “eliminatedthe deck bolster and separate riding
pawl, and eliminatedthe pinch on the chain at the deck with
consequent reductionin friction load on the winch".

3.3.1.2 Regulatory Bodies

(a) Stern Frames

Regulatorybodies, either governmentagencies or
classificationsocieties,have no preferenceover one or
the other stern frame configurations. They will approve
the design and/or class the vessel as long as it meets the
requirementsof their rules and regulations. A synopsis
of classificationsociety rules regarding stern frame
design and constructionis
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Figure 3-6: Shell DoublerPlate in Way of Anchor
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The American Bureau of Shipping pointed out that
the vibration of characteristicsof cast sterns are different
from those of plate fabricatedstern structuralcomponents.
The greater mass and stiffnessof the cast sterns will sig-
nificantly affect the overall vibration characteristicsof
the vessel.

(b) Hawepipes

Similarly for the hawsepipes,the regulatory
body approval is dependentupon meeting the rule
requirements. Regulatorybodies expressed a preference
for hawsepipeswith bolsters, or at least with a large
radius at the deck and sideshell to avoid damage to chain
links and bending of the anchor shank. Approval has been
given to some hawsepipe configurationswithout bolsters,
but their performanceis, reportedly,”stillbeing
monitored as to how successfulthey are.

The classificationsociety opinion on the
recessed anchor pocket configurationis that this is
primarily used in Navy vessels and is not common in
commercial ships. However, approvalwill be given, if
specificallyrequested,both for the recessed anchor
pocket and for the hawsepipe configurationwithout a deck
bolster.

3.3.1.3 Design Agents

(a) Stern Frames

The design agents interviewedstated that they
would prefer a stern frame configurationconsistingof
a rudder horn with semi-balancedrudder without a shoe
piece. Shoe pieces have been blamed for vibration problems
on some ships. Any of their preferenceswould, however, be
superseded by a client’sultimate desires.

(b) Hawsepipes

The approximatelocation of the hawsepipes and
anchors would usually be shown on the preliminaryor contract
structural drawingsby the design agents. It is up to the
shipyards to decide on the final location and design details.
Design agents emphasizedthat the anchor handling arrangement
should be model tested in order to ensure a smoothly
operating configuration.
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3.3.1.4 Foundries

The castingvendors expressed the opinion that
they are concernedwith the production of castings rather
than the configurationand strength considerations.
They felt that a compromisemust be reached between these

3.3.2 Constructionof Stern Frames and Hawsepipes

3.3.2.1 Shipyards

(a) Stern Frames

During surveys at shipyards,stern frame constructions
ranging from completelycast to completelywelded types
were observed.

A design incorporatinga cast stern tube/propeller
boss and a cast gudgeonwith the remainder of the stern
frame made up of weldments forming a stern module, as
illustratedin Figure 3-7, was most representativeof
the present practice.

The present practice for constructionof the
stern frame is to incorporateit into the after hull
structuralmodules which may be assembled anywhere in the
yard and then transportedto the building ways, as shown
in Figures 3-8 and 3-9. This modular building technique
allows a great deal of flexibility;none of the shipyards,
accordingly,reported a need for any special facilities for
the constructionof modules.

As far as stern frame castings are concerned,
shipyardswithout their own foundries obtain all castings
from vendors, while those with their own foundriespurchase
castings larger than their capabilityas direct material
from outside vendors.

One shipyardhas used forgings instead of castings
for stern frame componentsin two recent hulls of the same
class even though they were follow-on to designs that orig-
inally called for castings. The reasons given were that
forgings are inherentlyfreer of defects and that their
lead time is generallyshorter than for castings.

Shipyards indicatedthat special skills were not
required for the constructionof stern frames. Welding
of castings and thick plating is commonplace.

Practical restraintsat the shipyards are generally
related to crane capacityand furnace size for annealig
of welded components,if needed.
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Figure 3-9: Upper Stern Module
.
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(b) Hawsepipes

Hawsepipesobserved during surveyswere either
fabricatedfrom rolled plate or cast pipes. In either case
they had cast bolsters at one or both ends of the pipe.
One shipyardwas building hawsepipeswithout any castings.

With welded hawsepipes,most shipyardswould
depend on outsidevendors since they would probably
not have the presses or the rolls necessary to form the
pipe.

If the hawsepipe design without deck and/or
shell bolsters should prove successful,improved
producibilitycan be expected due to eliminationof the
castings entirelyor reducing the sizes and complexities
of castings.

The present practice at a majority of shipyards
is to incorporatethe hawsepipes into the forward hull
constructionmodules before erection. Again, as in the
case of stern frames, this modular constructiontechnique
allows a considerabledegree of flexibilityin the
constructionof hawsepipes since the size and complexity
of each structuralcomponent can be kept within the
yard’s’capabilities.

3.3.2.2 Regulatory Bodies

(a) Stern Frames

Appendix E contains a summary of various
classificationsocieties’rules and regulationsgoverning
stern frame construction. These rules cover construction
requirementsfor both built-up and cast shoe pieces, rudder
horns, stern tubes, etc. A combinationof castingsand
fabricated componentsmaking up a complete stern frame
structure is also acceptable. The general opinion is
that certain componentsmay work out better when cast (such
as the rudder bearers and gudgeons)and certain others
may tend to be easier to fabricate (such as the shoe
pieces). Some components,such as the shaft bossing, do
not lend themselveseasily to fabrication,and consequently
these must be castings.
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The opinionwas expressedby regulatory
bodies during the interviewsthat getting a sound
casting for very large pieces is a real problem. A
thorough inspectioncannot be made on castings; they
can only be surface-inspectedsince no x-ray can
penetrate deeply enough into large pieces.

Conversely,from a constructionviewpoint,
the aft section of the vessel is usually confinedand
therefore it may be difficult to fabricate completely
welded stern frames.

About 50% of the ships classed by the American
Bureau of Shippinghave shoe pieces, and the other
50% are without shoe pieces. Of the ships with shoe
pieces, 90% have stern frames made up of castings. Very
few new ships are being fitted with shoe pieces.

Rudder horn constructionis usually a combination
of castings and weldments.

In response togeneral shipyard comments that
classificationrequirementsare not specific enough, the
American Bureau of Shipping has commented that “the Rules
are not intended to be a design manual, but rather a tool
to establish the vessel’s seaworthiness". The ABS further
stated that they “have collectedand developed data to
publish additionalrequirements,and are closelymonitor-
ing the service feedback”.

(b) Hawsepipes

No specificconstructionrequirementswere set
forth by the regulatorybodies outside of the-few
guidance rules specified in [4] and excerpted in
Appendix E.

3.3.2.3 Design Agents

(a) Stern Frames

The design agents interviewedappeared to prefer
a combinationof castings and weldments for stern frame
construction. They always give the shipyards the option
to modify the design to suit their modes of construction.
In general, the design agents recognize that there are
problems with castings,however they are not normally
involved with the manufacturingdetails.

(b) Hawsepipes

The design agencies offered no comments on the
constructionof hawsepipes. Details of constructionare
normally accomplishedby the shipyards.
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3.3.2.4 Foundries

The only major commentmade by the foundries
during interviewswith regard to stern frame and hawsepipe
constructionwas in relation to quality control
procedures. The foundries conduct extensive tests using
x-rays which can penetrate5“ to 5½, magnetic partiue
inspection,and ultrasonic inspection.

Any defects found are repaired to the satisfaction
of regulatorybody surveyorsbefore leaving the plant.
The rejection rate of the castingswas reported to be
very nearly zero.

3.3.3 Design Loadings

3.3.3.1 Shipyards

With the exceptionof one, shipyards did not have
any design loadings for use as a guide in determiningthe
actual loadings that the stern frames and hawsepipesare
subjected to. The yards generallyare provided the detail
designs for these components;the agency conductingthe
design analysis follows the class society rules as a guide
only. One shipyard, reportedly,has its own design loading
values based on experienceand it conducts a full load
analysis for each new stern frame design if it is specified
to be their responsibility.

In general, specific design procedures are not
available, and regulatorybody rules are not considered
to give adequate guidance on details of stern frame and
hawsepipe design. The approachused in design is a
combinationof empiricalmethods developed from experience,
and finite element analysesbased on hydrodynamicloads
:determinedby means of model tests in addition to the
classificationsociety rules.

3.3.3.2 RegulatoryBodies

The United States Coast Guard, as the certification
agency, indicated that, as far as the structuralintegrity
of merchant ships is concerned,they rely completely
on the classificationsociety (AmericanBureau of Shipping)
to uphold the safety standards. The classificationsociety
maintains the standardby conductingsurveys/inspections.
The term “structuralintegrity”in this case includes the
design and constructionof stern frames and hawsepipesas
well.
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As evidenced from a review of excerpts from
various classificationsociety rules on hawsepipes,
included in Appendix E, there are no design load
criteria for these components. The American Bureau of
Shipping does have an “in-house”approximateformula
for determininghawsepipe and bolster thickness. A

their rules are complete enough to provide guidance
for design, yet sufficientlyflexible to allow individual
designers to introduce innovations.

The allowable stressesin the rudder horns, and the
shoe pieces if applicable,as determinedfrom prescribed
empirical formulas in the rules regulatingdesign and
constructionof stern frames [4], are rather low, in
the order of 6,700 psi for cast steel and 8,500 psi for
steel plating.

The ABS stated that shoe pieces, if fitted, could
be made up of weldments with satisfactoryresults; a
reduction of required sectionmodulus may be allowed for
welded shoe pieces as in the case of welded rudder horns.

In the case of castings,the changes in section
areas present serious problems and may cause discontinuities.

A case history on the cast steel stern frame
troubleswas made available to the project investigators
during the interviewby the ABS. Applicable specifically
to stern frame configurationswith skegs (shoe pieces),
this document (a copy of which is presented in Appendix E)
classifies the stern frame defects in the followingmanner:

0 Defects in stern frame skegs

0 Fractures in way of landing of shell plates to
stern frames

0 Cracks in way of core holes

0 Other miscellaneousdefects

This case history also includes statistical
informationon the frequencyof occurrenceof these
defects for T-2 tankers and Victory Ships as well as
a number of large tankers of 1949-50vintage.

* This approximateformula has now been included in the
ABS Rules (Section4.9).
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A simple guide for use in analyzing stern
frame skegs, developed by ABS in 1959, was also made
available to project investigators, andis presented
in Appendix E.

.3.3.3.3 Design Agents

In determiningthe scantlingsof the stern
frames and hawsepipes, the design agents comply with
the rules of the classificationsociety by which the ship
is-to be classed. They also perform a comparativecheck
with the rules and requirementsof other classification
societies to ensure that the scantlingsare reasonable.

The design agents had no statisticalinformation
or records of failures either for stern frames or for
hawse pipes.

3.3.3.4 Foundries

Since, as stated earlier, they are concerned
basicallywith the productionof castings, the foundries
did not express any comments on the design of either
component.

3.3.4. Economics—

3.3.4.1 Shipyards

The questionnaireused in the final surveys
contained questionsand informationrequests regarding
significanteconomic considerationsin manufacturingstern
frames and hawsepipesas well as factual cost data on
“recentlymanufacturedcomponents. Qualitativediscussions
were held with the shipyards’personnelbut no cost data
were made available to the project investigators.

This was understood to be due mainly to the
fact that no such cost data were available in most
shipyards,as broken down to these componentsonly.
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It was stated that reportinga single unit cost to
reflect the stern frame and/or hawsepipe costs on all
ships is simply impossible. The size and configuration
of these componentson each ship are differentand the
costs, accordingly,are subject to great variations.

One shipyardsuggested that if a figure had to
be given, the cost of a stern frame casting could be
approximately70 cents (1977)per lb. of casting,plus
the cost of manufacturingits pattern.

Despite the lack of factual cost data,
qualifying statementson major economic factors
affecting componentconstructioncosts were made.
These comments can be summarizedas follows:

o

0

0

0

0

0

Stern frames and hawsepipes,especiallywelded
fabricatedones, are labor intensive items. Labor
cost for these componentsis the largest single
cost factor. Accordingly,in the interest of
economy, their designsmust be kept as simple and as
easy to constructas possible.

Welded stern frames and hawsepipesare usually cheaper
to construct. However, it requiresmuch more shipyard
labor to manufacture welded componentsthan cast
components.

Specificallyfor the case of one ship of a class
being built, welding may certainly cost less since
pattern costs, necessary for casting,would be
eliminated.

For multiple ships of a class, with the cost of a
pattern shared by several ships, casting costs may
be comparable. However, the yards’ opinions on this
subject appeared to change from one extreme to the other.

One yard maintained that there would be no drastic
differencesbetween the costs of welded versus cast
components. Cost of welding has been steadily going
up, and it may eventuallyoffset any differencesfrom
casting costs.

For welded type construction,keeping away from the
use of high tensilesteel (HTS)may keep costs down.
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0

0

0

0

0

0

0

Rigidity of the component is more
can just as well be achievedwith

The castings for stern frames and

importantand it
mild steel.

hawsepipesare
farmed out to outside vendors by most shipyards.
The selectionof cast componentsis usually based on
availabilityof vendors. The casting is simply
purchased and installed,eliminatingextensivelythe
need for excessivewelding. This, naturally,improves
schedulingperformanceespeciallywhen the castings are
deliveredwithout delay.

If a deliveredcasting has any defects in it, the casting
vendor is backchargeduntil such time as the defective
casting is repaired or corrected.

Very large castingsmay be manufacturedby using several
pieces cast separatelyand joined togetherby welds.
In the casting process, slippage of core may present
serious problems.

Shipyardswith their own foundry facilitiesmay prefer
to use castingsdue to schedulingneeds. The yard’s
foundry may need the work and may be able to meet
the delivery dates favorably.

All charges and quotes for castings are made on the
basis of weight, in terms of dollars per pound of
casting. Cost of machining is generally treatedas
a separate and additional item.

One shipyardmaintained that they have been constructing
all welded stern frames for well over fifteen years,
not only because they are cheaper but also that they
have had very serious procurementproblemswith castings.
Another shipyardhad a similar comment and stated that
“this policy is an executivedecision made entirely upon
the basis of uncertaintyof obtaininga sound casting in
considerationwith the great exposure of the shipyard in the
event of a failure”.

In a study performed in

..

1977, this shipyard found that
a complex stem assembly
than aweldment.

.-
casting was 20% more expensive

3.3.4.2 RegulatoryBodies

No factual cost data were available to the
regulatorybodies.
however, as factors
versus castings and

Following commentswere offered,
influencingthe choice of weldments
also the cost of manufacturing:
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0

0

0

The shape of the stern frame has a considerable
amount of curvature,and will thereforenecessitate
the use of furnaced plates which may influencecosts
of fabricatedcomponentsadversely.

Long lead times are necessary and delays are often
experiencedin this country in the delivery of
castings from the foundry to the shipyard.

Corrosion of the joint welds of cast stern frames in
a seawater environmentpresents a real problem; it may
be necessary to preheat the casting in order to make
repair welds, and this adds extra costs. In this context,
the repairs of all welded stern frames will cost less.

3.3.4.3 Design Agents

The design agents could supply no cost information
other than their own opinion that castings cost more to
procure but are less labor intensive. Conversely,the
weldments cost less in material but are more labor intensive.

3.3.4.4 Foundries

One foundrywas visited and an interviewwas held
with a representativeof another foundry. One of the
foundries was extremelyreluctant to give out any cost
figures. It was stated that the cost is dependenton the
size of the casting, the intricacyof the mold, etc. On
‘this basis, for a casting of 25,000 to 50,000 lb.
weight, the unit costs were said to range from 50 cents
to 2 dollars per pound.

Both foundriesstated that labor is the principal
cost and that the casting prices can be reduced if the
design is kept simple.

are

0

Following additionalcommentsby the foundries
noteworthy:

Marine castingsconstituteonly a maximum of 20% of
their total output.
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0

0

0

0

0

0

0

The costs of patterns are charged separately.

Casting vendors normally do rough machining only.
They can do final machining if they are asked.

They produce mild steel castings only and do all of
their annealing themselves.

They perform first visual.checks and tests (by
magnetic particle methods and x-ray or ultrasonic
equipment),if necessary,on the castings,and
repair minor and major defects in accordancewith
classificationsociety rules.

They leave the weld-joiningof several pieces of
castings to the yard.

They feel that in order to make the castingsmore
economicaland better products, the designersof
stern frames and hawsepipesshould consultwith
the foundry before making
decisions.

In general, the foundries
shipyards’ delivery dates

any final engineering

feel that they can meet
if given sufficientlead time.

3.3.5 ClassificationProblems

survey

3.3.5.1 Shipyards

In answer to specificrequests containedin the
questionnaire,the shipyardsprovided.the following

summary comments:

o

0

0

According to a majority of shipyards,the classification
society rules are not adequate for design and
constructionof stern frames and hawsepipes. Some
yards said the rules were improving.

None of the yards reported any problems with the
classificationsocietiesregarding stern frame and
hawsepipe construction.

Most shipyards feel that the rules of all classification
societies are about the same. However, some yards said
they would prefer to use the Norwegian (det Norske
Veritas) and/or the British (Lloyd’sRegister) rules
because they provide more design information.
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0 Only one yard out of the eight that were visited
had “in-house”criteria for the developmentof stern
frames and hawsepipes.

3.3.5.2 Other Institutions

Design agents and castingvendors
any additional comments to make regarding
problems of stern frames and hawsepipes.

The design agents agreed with the

did not have
classification

shipyards that
classificationrules are not adequate to design these
components. They normally use one or all of the class-
ification society rules as guidance and complete the design
on the basis of their experience.

In response to these comments
design agents, the American Bureau of
ad that they will consider developing
for sterm frames and hawsepipes.

byshipyards and
Shippinghas indicat-
further their rules

In the performanceof any vessel’s design, ship-
yards have encounteredno problemswith the class societies
in the design or inspectionstages.

3.3.6 Welding Considerations

3.3.6.1 Shipyards

The responses of shipyards to specificwelding
questions can be summarizedas follows:

o

0

0

0

0

On thin plates, conventionalmetal-arc type welding
with stick electrodesis used.

For welding of thicker plates or for joining two
cast sections by welding, submerged arc welding
processes are employed. The process can be semi- or
fully automatic.

With full-automaticelectro-slagwelding, the seam is
welded in one pass vertically from the bottom up.

With hand held mannual.or semi-automaticprocesses,
the multiple passes are made.

The electro-slagwelding processes used for thick plate
require good preheatingbefore welding. The most common
method is local preheatingusing electricheaters and
asbestos blankets.
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0

0

0

0

0

Some shipyards have their own heat treatmentfurnaces
of sufficientcapacity to allow them to preheat the
thick plates in the furnace.

Shipyardswith limited capacityfurnaces or no heat
treatment facilitiesprefer to do local preheating.

Post welding heat treatmentand stress relieving
operationsare carried out in the same manner as
in preheating.

Some shipyards stated that they have had bad experiences
with thermit welding and thereforeavoid it in favor
of electro-slagwelding.

Some shipyards reported that maximum thicknessof
plating they can weld is 2“ while others expressed
welding capabilityof up to 4“ or 5“ plates. A few
shipyards said that they could weld any thickness of
plating. It appeared to be a mutual opinion, however,
that plates of more than 3½ or 4“ thicknesswould
give welding problems. Some twisting of these plates,
after welding, has been experienced,and reportedly it
has been difficult to correct.

3.3.6.2 RegulatoryBodies

Regulatorybodies request compliancewith the
minimum welding requirementsas set forth in the rules
[4]. The plans and specificationsmust indicate clearly
the extent to which welding is to be used. Welding
processes, filler metals, and joint designs must be shown
in detail drawings, or on-a separatedocument,prior to
approval action by theclassificationsociety.

The American Bureau of Shipping, as indicated in
paragraph 3.3.4.2 above, has pointed out the corrosion
problems encounteredat weld joint seams of cast pieces in
a seawater environment. The repair of such welds would
require the use of thermit welding which is a costly
process due to the heating that is necessary.
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3.3.6.3 Design Agents

The design agents gave no specific comments
regardingwelding problems with stern frame and hawsepipe
construction. They normally leave the determinationof
welding precessesand detail to the shipyards. One agent
stated that they had no problemswith welding of any
thicknessesof platings they had specified, the maximum
being 5“.

3.3.6.4 Foundries

Foundries do not join two pieces of castings
together bywelding. Their customers,in this case the
shipyards,normally do the joining.

In repairingor correctingdefectiveparts of
a casting, as determinedby inspection,the foundries
remove the defectiveportions to sound metal before
welding. They use submerged-arcand electro-slagwelding
processes, and avoid thermit welding. Stress relieving
is done locally by heating.

For major repairs, they have to document their
repair procedure and submit it to the classification
society for approvalbefore doing the repairs.

3.3.7 Problems with Castings

3.3.7.1 Shipyards

The problems that shipyardsexperiencewith
stern frames and hawsepipe castingshave been discussed
in connectionwith the yard’s responses to the “economics”
category (subsection3.3.4.1) of the survey questionnaire.
To repeat, the major problems as reported by shipyards
were briefly:

o Shipyards always farm out castings unless they or
their parent organization have their own foundries.
Two out of the eight shipyardsvisited had
their own foundries,and they appeared to be satisfied
with the castings delivered.

3-25



o If the size of casting should exceed the capacityof
a shipyard'sown foundry, they would cast smaller pieces
themselvesand go to outside vendors for very large pieces.

o In general, the lead times for castings range from a
minimum of 6 months to a maximum of 18 months,
depending on the size and complexityof the piece.
as obtained from U.S. vendors. More favorablelead
times and less frequent delays are reportedby shipyards
with foreign castingvendors than with U.S. vendors.
One shipyard stated that the delivery period for the
same casting could be up to a year by a U.S. vendor
but only 6 months by a Japanesevendor. It was also
stated that the U.S. castingvendors would most
frequentlymeet their delivery schedules.

o In general, the shipyardsreportedlyhave good
relationswith outside casting vendors. Most stated
that they experiencedno major rejectionson commercial
ships’ castingsand that they had no significantdelays in
deliveries. A few shipyards stated thatthey have had
serious problemswith obtaining good castingsand
this has led them to favor fabricatedstern frames
and hawsepipes.

o For a majority of shipyards,however, the problem with
castings are not big enough to discourage the use
of castings.

o Increasednon-destructivetesting on castings reveals
more defects;however, the defects are repaired by
vendors and/or shipyards,depending on the extent of
the defect and the degree of repair needed, to the
satisfactionof the yards and the classification
society surveyors.

o From an economicsstandpoint,the cost of
deliveredby foreign sources, despite the
cost of shipping,are reported to be less

castings
additional
than U.S. costs.

3.3.7.2 Regulatory Bodies

As reported in subsection3.3.2.2, the regulatory
bodies expressed the opinion that getting a sound casting
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for very large pieces is a real problem; long lead times
and delays in deliveriesare frequentlyexperiencedwith
the castingvendors in this country.

From a technicalviewpoint, the non-destructive
testing performanceon castings are deemed to be unreliable
to the extent that only surface defects can be detected.
Additionally, the welds joining two separatecastingsare
subject to severe corrosionin a seawater environment.

A review of the past experiencewith cast steel
stern frame failures,as provided by ABS, is briefly
discussed in subsection3.3.3.2 and the case history is
presented in Appendix E.

3.3.7.3 Design Agents

The design agents normally have no
the casting vendors; and as such, they did
this item of the questionnaire.

3.3.7.4 Foundries

contactwith
not commenton

The foundries that were interviewedby the project
investigatorsexpresseda generalwillingness to manufacture
castings of stern frame and hawsepipe componentswith
delivery schedules acceptable to shipyards. They do not
have any insurmountableproblemswith the productionof
castings;however, they offered the followingthoughts
relative to this question:

0

0

0

There is no limit on the weights of cast pieces.
They have pouring capacitiesof up to 250 tons.

The size of the casting they can produce,however,is
naturally limited by the dimensionsof the foundry
pits and their transportationfacilities.

They allow, normally, for a shrinkageof ½". Other
clearancesand tolerancesthey follow are in accordance
with the specificationsof “AmericanFoundrymen's
Society.” [10]
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0

0

0

0

0

They only do rough-machiningon their castings;but they
can do finish-machiningas well when and if requested.

Delivery schedules start from the time the pattern
for a casting is delivered to the foundry, or
otherwise readied. The delivery periods for most stern
frame castings,after receipt of pattern, range from
4 to 6 months.

Rejection rates for castings are very low. Minor
repairs on completed castingsmay sometimesbe
necessary;but reportedly there is never a complete
rejection. Repairs are made to the satisfactionof the
classificationsociety surveyors.

The defects experiencedmost frequentlyare sand
inclusion and shrinkage.

The foundriesmaintained that for the inspectionof
castings,ultrasonic testing techniquesare faster and
cheaper than the x-ray technique. They would prefer
to check the piece by UTS and then x-ray the suspect
areas as establishedby the UTS check.

3.4 Review of Foreign Stern Frame and Hawsepipe Trends

The original intentionwas to survey three foreign built ships
at the nearest U.S. ports. However in conducting the shipyard surveys,
it was possible to see some foreign ships that were already in the
yards at the time. Unfortunately,due to the fact that the vessels were
waterborne, it was not possible to see much of the stem frame
configuration. To make up for this lack of observability,the project
team chose to obtain detail working plans of the following foreign
built vessels from owners and operators,and to study these plans:

o 263,000 DWT

o 253,000 DWT

o 31,000 DWT

tankerbuilt in Japan in 1972

tanker built in the United Kingdom in 1974

products carrier built in Sweden in 1973

In general, the configurationand the method of constructionof
stern frames and hawsepipes in foreign built vessels are not much
different from those in vessels built in the United States. Following
are a few items that are differentand consideredworthy of noting.

3-28



3.4.1 Recessed Anchor Pocket

In this configuration,the anchor is stowed in a recessed
pocket instead of being exposed on the side shell. A typical
arrangement is shown in Figure 3-10. It appears that this
arrangement is very popular in European shipyards. The apparent
advantages of this configurationare:

0

0

0

3.4

Attractive appearance

Less spray in heavy seas

Improvement in the slope of the hawsepipe for some vessels

.2 BillboardAnchor Stowage

A billboard type of anchor handling system has been
developed and patented by AB Gotaverkenof Sweden. A copy of
the U.S. patent is included in Appendix E. This system has
been used on a few European built vessels. If this type of
anchor handling system is used, the hawsepipe and the shell and
deck bolsters can be eliminated. As can be seen from Figure 3-11,
this type of anchor handling system affords the following
advantages:

o Readily accessiblefor securing, cleaning,maintenance
and inspection

o No penetrationof the hull

o Anchor is dropped further outboard than with the
conventionalsystem

o No possibilityof the anchor getting hung up due to
lack of slope in the hawsepipe

More detailed informationon the GotaverkenAnchor
Stowage arrangement can be found in Appendix E.

3.4.3 Shoe Piece

A review of the plans
built vessels revealed that

for the above mentioned three foreign
all are fitted with shoe pieces. It

appears that foreign shipyards in Japan and Europe favor the
shoe piece as opposed to other configurations.
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Anchor Pocket

FIGURE 3-10
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Figure 3-11: BillboardType Anchor Handling System
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3.4.4 Inboard Accessible Stern Tube

At least two vessels currentlybuilt in this country are
fitted with inboard accessible stern tubes (IAST). All of the
stern tubes fitted into these vessels have been manufacturedin
the United Kingdom. It is understood that more and more ships
being built in Europe are being fitted with IAST’s. Appendex
E contains excerpts from literature onIAST.

3.5 summary of Surveys and Industry Comments

It can be concluded that the most popular stern frame design in
in U.S., as reported by the shipyards surveyed,is that of a vessel
with a semi-balancedrudder on a horn, although Japanese and European
shipyards appear to favor the shoe suppcrtedrudder. The configuration
of the hawsepipe varies with the type of ship being constructed.

The U.S. shipyards are using modular type constructionto improve
the flexibilityin size and the erection sequence of the stern frames.
All yards using thick plates in fabricatedconstructionhave no trouble
with welding using commerciallyavailable equipmentend techniques.

The regulatorybody restraintsare delegated to the classification
societieswhere rules allow a great diversity-of
generally used as guides only.

There are some shipyardswho are presently
stern frames, and some others are installingall
trend for the future appears to be towards using
smaller castings. It appears, however, that the

designs and are

constructingall welded
cast stern frames. The
more weldments and
yards would prefer to

use castings if they could get them at a reasonableprice, within an
acceptable lead time and also within quality requirements.

For the conventionalanchor handling system with hawsepipes and
bolsters at the shell and the deck, the deck bolster can be eliminated
on most of the new ships. A roller, if fitted immediatelyadjacent to
and above the aft side of the hawsepipe on the deck, would be able to
keep the anchor chain from rubbing the deck-edgeand therefore,no
deck bolster would be needed. The shell bolster may still be needed to
guide and turn the anchor properly so it can go into the hawsepipe easily
and support the anchor snugly when the chain is drawn tight. The shape
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of the shell bolster is complex and it is difficult to fabricate
and interfacewith the ship’s structure. One shipyard has completely
dispensedwith the shell bolster, and encountereddifficultieswhen
the anchor was being pulled up. Another shipyard has replaced the
shell bolster with a doubler plate and this shipyard also had some
trouble. An investigationinto the ways of replacing the shell
bolster in future hawsepipe designs could bring about reductionsIn
the cost of bolster castings and simplify the interfacebetween the
bolster and the shell.
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SECTION 4.0

ALTERNATIVEDESIGNS

4.1 Baseline Ships

4.1.1 General

The requirementswere that three single screw merchant
ships in the range of sizes correspondingto 30, 80 and 200,000
DWT be used for the alternativedesigns, and that the hydrodynamic
performanceof the hulls not be significantlyimpairedby changes
in the stern frames and hawsepipes. The hull.forms were to be
representativeof the ships being constructedor contemplatedfor
constructionin U.S. shipyards.

4.1.2 Criteria for Selectionof Ships

The first criterionfor the selectionof baseline ships
for alternativedesignswas the deadweightcapacity and the
second was that the stem frames and hawsepipesshould be
representativeof many single screw vessels to make the results
generallyapplicable.

At first this might seem like an awkward requirementto
fulfill, consideringthat single screw merchant vessels may vary
from a full-lined slow tanker to a fine-linedhigh speed cargo
ship. However, the stern frames as consideredhere are confined
within a small area around the propelleraperture; this area varies
significantlyless on different ships than the general run of the
rest of the hull.

Likewise, except for arrangementproblems caused by varying
deck widths forward and variations in, and/or the absence of
bulbous bows with differentship types, the hawsepipes are also
similar.

Furthermore,it is consideredunlikely that the high speed
ships of former years will be built in the future due to fuel
economy considerations. Keeping these considerationsin mind,
it was decided that the criterionof general applicabilitycould
be satisfiedby the alternativedesigns regardlessof the type of
baseline vessels selected.
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The third and last criterionwas
existing selectedvessels be available
the alternativedesigns.

that drawings of the
for use in developing

4.1.3 Selected Ships

The baseline ships, selected as those which best satisfied
the criteria and for which drawings were available,were the three
classes of tankers built by National Steel and ShipbuildingCompany:

o 38,300 DWT Oil

o 89,700DWT Oil

o 188,500DWT Oil

Although it is felt

Tanker (CoronadoClass)

Tanker (San Clemente Class)

Carrier (SanDiego Class)

that stern frame designs for full
form ships will be applicableto finer forms, as pointed out in
the criteria, the followingadditionalpoints should be considered:

o NO vessels other than Tankers and Oil Bulk Ore Carriers
(OBO’S)approach 200,000 DWT.

o Fine vessels of greater capacity than 50,000.DWTusually
have twin or more screws.

Detail drawingsfor both the stern frames and the hawsepipes
are available for all three of the baseline ships selected
[References11 through 17]. Their forms are representativeof
the ships being built presently,and their hydrodynamicperformance
will not be affectedby the alternativestern frame and hawsepipe
designs.

Schematic arrangementsof the stern frame configurations
for all three selectedbaseline ship designs are shown in Appendix
B. The configurationsare all for a horn supportedrudder and
consist solely of castings. The horn type configurationwas
consideredmost representativesince most shipbuildersindicated this
to be their preferenceduring the

The selectedbaseline ships
weldment hawsepipeswith deck and
ends. Schematicarrangementsare

Tables 4.1 through4.3 liar
baseline ships.

surveys.

all have conventionalstraight
shell bolster castingsat the
shown in Appendix B.

the particularsof the three
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TABLR 4.1:

National Steel and ShipbuildingCompany

CORONADOClass Tanker

LOA

LBP

Beam

Depth

Draft, Full Load

Deadweight

Displacement

Shaft

Propeller

Anchors

Chain

688 Ft.

660 Ft.

90 Ft.

47 Ft.

35 Ft.

38,300 L. Tons

46,955 L. Tons

.792

15,000 SHP

22’-0", 5 Blades

2Stockless; 17,200

2-11/16”,Extra High Strength,GR.3

1976



National Steel

LOA

LBP

Beam

Depth

Draft, Full Load

Deadweight

Displacement

Shaft Horsepower

PropellerDiameter

Anchor

Chain

Year Built

TABLE 4-2:

and ShipbuildingCompany

SAN CLEMENTE Class Tanker

894 Ft.

855 Ft.

105 Ft.

64’-6” at side

48’-11”

89,700 L. TOnS

106,000L. Tons

.839

24,500 SHP

26’-0”, 5 Blades

2 Stockless;25,800

3-5/16”,Extra High

1976
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TABLE 4.3:

National Steel and ShipbuildingCompany

SAN DIEGO Class Tanker

LOA

LBP

Beam

Depth

Draft, FLU Load

Deadweight

Displacement

CB

Shaft Horsepower

Propeller

Anchor

Chain

Diameter

951 Ft.

915’-0”

166 Ft.

78 Ft.

55 Ft.

188,500

216,762

.843

28,000

L. Tons

Z. Tons

SHP

27'-4-3/4"

-2Stockless;39,200 Lbs.

4", Extra

1977
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4.2 AlternativeDesigns

4.2.1 General

The alternativedesigns were to be developed for each
baseline ship for three stern frames and two hawsepipesin
accordancewith the following,as applicable:

o the first was to incorporatecastings to the
degree they are still being used in U.S. shipyards

o the second was to featurevirtually all weldments
and a conventionalstern tube bearing

o the third was to consist of virtually all weldments
and an inboard accessiblestern tube bearing

For the stern frames these three alternativesgive a
general mix of different configurationswith castingsor
weldments.

For the hawsepipe configurationswhich were not
specificallydefined at the outset, a billboard type anchor
stowage system and a conventionalarrangementwithout deck
bolster were selected as the alternatives.

The billboard type of stowage is getting renewed interest
in Europe. In this arrangement,the hawsepipe itself and the
shell and deck bolsters are eliminated. A descriptionof a
typical billboard configurationand a patented chain stopper is
given in Appendix B.

The advantagesof the billboard system are discussedin
Section 3.4.2.

For the conventionalanchor handling systemwith hawsepipe
and bolsters at the shell and deck, the deck bolster can be
dispensedwith by incorporatinga roller on the deck immediately
adjacent to and aft of the hawsepipe. This is generallyaccepted
as being more-facile and cost effective. The shell bolster is
still needed to guide the anchor so that it will secure properly.

The all-weldedalternativesdo not contain any high strength
steel for a number of reasons. For stern frames the mass of the
material is consideredan importantfactor in reducingmovements
due to local loads. This is reflectedby the classification
society rules which set limitationson the geometry and/or the
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section moduli instead of limiting stress levels. For rudder
horns the use of high strength materialswill be consideredby
the classificationsocietiesbut was deemed less desirablein
this study because of the difficulty in working with it. For
hawsepipes, the materialmust be thick enough to allow for wear,
more importantlythan withstanding stresses,making mild steel
more attractive.

Although classificationsociety rules may not explicitly
discuss the requirementsfor the very thick plates considered
in some of the alternativedesigns, they routinelyallow their
use under certainmaterial provisions.

The scope and the degree of detail for all the alternative
designs are limited to the level necessary to perform the
required comparisons. In many cases structuralanalyseswere not
performed,but instead, designs were developed by adaption of
designs from other ships for which drawingswere available.

4.2.2 Stern Frames

The stern frame has been taken as the structure
immediatelyadjacent to the propeller aperture from the keel
to the aft side of the rudder horn. The internal floors and
shell plates adjacent to the stern frame are assumed identical
for either the weldment or cast type stern frames and therefore
are not consideredin any of the comparisons. Furthermore,
the large center vertical keel in the welded designs is assumed
to offset the floor extensionswhich are formed into-the cast
designs.

4.2.2.1 All Cast Stern Frames

Figures 4.1, 4.2 and 4.3 give the alternative
designs for all cast stern frames for the 38,300 DWT,
89,700 DWT and 188,500 DKT vessels respectively.

In keepingwith general U.S. shipyardpractice,
the stern frames are divided into sections according to the
foundry and/or crane capacities. In this case the designs
were taken directly from the NASSCO drawings for the
respectivebaseline ships [11, 12, 13].
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The sizes of the baseline ships’ castingswere
compared to the minimum scantlingsrequired by Det Norske
Veritas [8] and by the ABS [4] and found to be reasonable
and on the conserative side, in the order of 20% overall.
They were thereforeadopted in their entirety.

It should be noted that for the baseline ships
considered in this study, the complete configurationconsists
of a lower stern section, an upper section, two rudder horn
sections, and a propeller boss. For smaller ships, the
number of individualcastings is usually smaller too.

4.2.2.2 All Welded Stern Frames

Figures 4.4, 4.5 and 4.6 present the alternative
designs for stern frames composedwholly of weldments
except for the rudder gudgeonswhich are significantlymore
amenable to casting. These three designs are for the 38,300,
89,700, and the 188,500DWT vessels respectively.

The stern frame arrangementfor the 38,390 DWT
vessel is derived primarily from the configurationof Todd
Shipyards’ 35,000 DWT tanker [18]. The only modification to
the profile of the baseline ship is a slight shape change at
the trailing edge below the propeller boss to simplifyplate
preparation.

Scantlingsfor the 38,300 DWT design were obtained
partially by adaption from the Todd 35,000 DWT design [18]
and from the Det Norske Veritas and the American Bureau of
Shipping Rules.

The 89,700 DWT and 188,500DWT designswere obtained
by extending-thebasic configurationof the 38,300 DWT vessel
with appropriateincreases

Additionaldetails
frame scantlingsare given

in the scantlings.

of the determinationof all stern
in Appendix B.
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4.2.2.3 All Welded Stern Frames with Inboard
AccessibleStern Tubes

Figures 4.7, 4.8 and 4.9 are the alternative
designs for all welded type stern frames incorporating
inboard accessiblestern tubes (IAST) for the 38,300 DWT,
89,700 DWT, and 188,500 DWT vessels respectively.

The most extensivesue of the IAST’s has been in
Europe. The two most popular IAST bearings are in the
Ross-Turnbull [29]and Glacier-Herbert [28] designs. For
Purposes of ease inmodifyingthe existingweldment designs
(Figures4.4 through 4.6) to incorporate the IAST’S, one or
the other of thesebearings were utilized,based on the
informationavailable.

For the 38,300 DWT vessel.,the existingall welded
stern frame design was modified toincorporate the Ross-
Turnbull IAST bearing, in accordancewith the scheme for
this bearing found on the FMC 35,000 DWT tanker [19 through
23]. The stern tube is approximately3 ft. larger in
diameter than the conventionalstern tube. Even though the
Ross-Turnbullbearing was selected for this vessel, it is
also possible to use a Glacier-Herbertdesign. The manu-
facturer of the latter bearing type maintains that it will
permit smaller boss diameters.

For the 89,700 DWT tanker, a scaled version of the
Seatrain Shipbuilding225,000 DWT tanker design with Ross-
Turnbull.stern bearing was used [24 through 27]. No profile.
changes were made to the baseline ship. The stern tube is
approximately4 feet larger in diameter than the conventional
tube. For this vessel too, a Glacier-Herbertbearing could
be used. The manufacturer’srepresentativehas expressed
willingness to develop specific data for this purpose. A
follow-on study on IAST applicationscould look into this
possibility.

The 188,500 DWT vessel IAST alternativedesign
incorporatesa Glacier-Herbartbearing. Glacier-Herbert
designs for a 250,000DWT tanker [28] indicate that their
configurationcould be adaptedwithout considerablestern
changes to the all welded alternativedesign.
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4.2.3 Hawsepipes

4.2.3.1 ConventionalType

Figures 4.10, 4.11 and 4.12 give the alternative
hawsepipe designs consistingof a hawsepipe and shell bolster
with a roller fairleadat the deck, for the 38,300 DWT
89,700 DWT and 188,500DWT-vesselsrespectively.

For the 38,300 DWT and 89,700 DWT vessels, the fore
and aft locations of the alternativedesigns, and the lengths
and inside diametersare identical to the actual designs.
However, the deck bolsters of the original designs were
replaced by heavy insert plates and roller fairleads.

In the case of the 188,500DWT vessel, the alternative

design replaced the existing anchor pocket system and is

similar to those for the two smaller vessels, with the
hawsepipe length, inside diameter,and plating thicknesses
increased appropriately.

Additional details are presented in Appendix B.

4.2.3.2 Billboard Configuration

Figures 4.13, 4.14 and 4.15 give the billboard
configurationanchor handling system alternative designs
for the 38,300 DWT, 89,700 DWT and 188,500 DWT vessels,
respectively.

The billboardshave all been located forward of the
anchor windlasses so that the existing deck machinery
configurationis consideredadequate.

The dimensionsof the billboards were determined to
adequately stow the actual anchors
The plating thicknesseswere taken
conventionalhawsepipe thicknesses
since adequatemargin for wear and

of the baseline vessels.
as identical to-the
without further analysis
tear would be provided.
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SECTION 5.0

PRODUCIBILITYOF ALTERNATIVEDESIGNS

5.1 General

Producibilityin the broad sense of the word has been defined
in this study in terms of the followingparameters:

0

0

0

0

0

0

material

shipyard facilities

planning and scheduling

testing

construction

cost

It can be surmised that some Of these parameters can be considered
quantitativelywhile others can only be treated qualitatively. Furthermore,
several parameters are dependenton the capabilities,the geographic
locations and the related experienceof the shipyards.

Each of the producibilityparameters is discussed in limited
scope in this section. The final subsectionpresents the results of
the producibilityanalysis for the alternativedesigns describedin
Section 4.0.

5.2 Parameters for ProducibilityAnalyses

5.2.1 Material

The materials associatedwith the constructionof stern
frames and hawsepipes

o

0

0

0

castings

steel plate

welding rods

weldments

include the following:
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The castings and weldments are those that are purchased
from manufacturers outside the shipyard.

It has been found during the surveys that the situation
with regard to the source of castings can be quite different
from one shipyard to another. Where the shipyard itself or its
parent company has a foundry,
direct material.item and not usually subject to the long delivery
times required by independentcastingmanufacturers. In this
study, however, it is assumed that all castings are purchased
from independentmanufacturersoutside the shipyard, and the
results should be interpretedaccordingly. This approach seems
practical particularlyin light of the fact that even shipyards
with foundriesmay not have adequate pouring capacityfor very
large castings.

Similarly,with respect to weldments, the plate bending
capabilitiesof the yards may vary considerably. Where plates
of 5 inches or greater thicknesswere used it was assumed that
independentoutside fabricatorswould be given the work. This
occurred in the cases of the fabricatedstern tube assemblies.

Welding rods and steel plates of any thicknessdo not
appear to present any problems from a supply standpoint,as
indicated by suppliersof these materials.

5.2.2 ShipyardFacilities

The yard facilities that may be used in
of stern frame and hawsepipe constructionare
machines, welding and cutting equipment,heat
stress relieving equipmentin addition to the
covered yard areas, cranes, foundries,etc.

5.2.2.1 Yard Area

The yard area required for this

the various stages
plate bending
treatmentand
general open and

constructionis
small and presentsno problem. As a consequence,however,
the stern frame constructionmay be performed anywhere in
the yard and requires lifting and transportationto the
erection site. A restrictionon the area may occur if large
castings requiringlarge deep welds are involved. In such
cases it may be desirable to perform the welding under cover
to keep the welding, once it begins, out of the rain and
to “break the wind” in pre- and post-heatingoperationsin
cold climates. These factors are, however, fairly negligible
from the standpointof producibilitysince the space required
is extremely small.
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5.2.2.2 Cranes

Crane capacityplaces one of the greatest
restrictionson stern frame component and overall size.
in particular. In this study the casting componentsizes
were kept at 40,000 pounds maximum. The overall
allowable stem module weight was assumed to be 140 tons
on the basis of maximum crane capacity. Both of these
values are consideredto be practical limits for a number
of U.S. shipyards.

5.2.2.3 Plate Bending

Generally shipyardsare equipped to bend
relatively thin plates into shallow shell shapes. The
fabrication of stern tubes and hawsepipes is most easily
performed by rolling the complete cylindricalshape and
making one weld seam. This type of bending in conjunction
with the thick plates involvedis not possiblewith all
types of shipyard equipment. Consequently,in this study
it has been assumed that stern frame castingsare purchased
from independentoutside fabricators. In addition, it
should be noted that welding the required thicknesses
for stern tubes may not be possible at many shipyards. If
cost benefits can be obtained from in-yard construction,
the aforementionedfactors
on an individualbasis.

should be taken into account

5.2.2.4 Foundries

As discussed in connectionwith “material”in
Section 5.2.1 above, it is assumed that no foundry is
available at the shipyard. This should be remembered
in interpretingthe results of this study for a shipyard
where in fact a foundry of adequate capacity is available.

5.2.2.5 Welding

The followingwelding processes are in more
common use in the shipbuildingindustry:

o Manual welding using stick electrodes (Shielded
Metal-Arc Process)
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0 Submerged-arcwelding

0 Gas metal-arc welding

0 Electro-slagor electro-gas welding

The various welding techniquesdiffer in the
amount of automationthat can be incorporated,the type
of equipmentneeded and the types of steels.and.welds for
which they are most suited.

For the purposes of this study, the manual
welding using stick electrodeswas selected for the
following reasons:

0

0

0

0

0

Suitable for thin and thick plate welding

Can be used on any welding joints includingbutt,
tee and lap

Any shipyardwill have the manpower and equipment
available for this type

Can be performed in any
vertical, or overhead

The irregularityof the

of welding

position: horizontal,

stern frame contoursdoes
not lend-itself-verysuitably to the use of semi- or
fully-automaticwelding processes

It is assumed that all equipment for welding is
already available. Where cold and rainy weather is
expected during the welding, a facilitywith overhead
cover may be required.

5.2.2.6 Heat Treatment and Stress Relieving
Equipment

Heat treatingof castingsand weldments prior to;
during and after welding is not specificallyrequired by
regulatory bodies or classificationsocieties. However,
it is good practice to do so for ordinary strength steel
in plates of over 1½” thickness. Some typical guidelines
for heat treating and stress relieving operationsare given
in Appendix C.

5-4



The final requirementsfor pre-, interpassand
post-heat treatmentof weldments and castings used in
this study were taken from typicalshipyard drawings listed
in Section 7.0. These requirementsare:

0 Plates from 1-3/8” to 2“ thick: Preheat to 150°F before
welding and maintain duringwelding. Low-hydrogen
electrodesto be used.

0 Plates-from 3“ to 4“ thick: Preheat to 250°-300°F
minimum before welding and maintain during welding.
Post-heat treat by cooling slowly drom the preheat
temperatureat the rate of about 50°F/hour. Low-
hydrogen electrodesto be used.

0 Castings: Preheat to 200°-300°Fminimum before
welding and maintain duringwelding. This is to pertain
to all welded attachmentsof casting to casting and
other mild steel structureto casting. Low-hydrogen
electrodesto be used.

The type of heat treatmentand stress relief
proceduresjust described can be adequatelyperformed on
stem frames and hawsepipesusing electricheaters and
insulatingblankets. It was assumed that this equipmentwould
be readily available in all shipyards.

5.2.3 Planning and Scheduling

It is difficult to quantify and analyze the planning and
schedulingrequirementsfor stern frames and hawsepipessince
they consist of structuralparts that can be assembledwell after
the constructionof the vessel has begun, but must necessarily
be installedbefore the constructionis significantlynear completion.

It is understood from the surveys that some shipyardsdo
not have planning and schedulingproblemswith respect to
stern frames and hawsepipes,yet others anticipate scheduling
difficulties. The apprehensionis due to the continualdecrease
in the number of large casting manufacturersin the U.S., the
increasinglead times for delivery,and the decreasingquality.

No advantagesor disadvantagesare assigned to alternative
stern frame and hawsepipe designs on the basis of planning and
scheduling,since no significantproblemshave so far really been
experienceddespite the fact that theywere anticipated.

For use in interpreting
study, however, the following.
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0 The expected lead time for a domestic cast stern
frame (measuredfrom the time the foundry receives
the pattern to when the yard receives the casting) is
6 to 12 months. Foreign foundries,reportedly,can
deliver a casting in 6 months.

0 Foundries and ship designers should endeavor to
finalize the plans for castingscollectivelybefore
production starts. This will help cut down the lead
time due to eliminationof the need for plan revisions
suggested.by the foundry in order to improve the
casting and its production.

0 At the shipyard, the constructionof welded stern
frames is more labor intensivethan the welding
required for constructionof most other parts of a ship.

0 Reference [30] discussesphotogrammetry,which has been
used bya shipyard to verify casting dimensionsat the
foundry before the casting was delivered to the shipyard,
thus insuring an adequate fit. This will result in
reduced delays

5.2.4 Testing

for those castingswhich may be faulty.

The testing requirementsof the castings and weldments can
be derived from the American Bureau of Shipping and/or other
classificationsocieties rules and expandedby the opinions of
the designers.

Shipyard contractswith castingmanufacturersare generally
worded such that the testing requirementsmust be met by the latter.
Therfore, these costs appear as part of the direct costs to the
shipyard for the castings and thus require no further consideration
in this study.

Welding of castings to castings,plate to castings or
plate to plate in stern frame and hawsepipe constructionwill
entail satisfying several requirementsof the American Bureau of
Shipping and/or other classificationsocieties. These can be
summarizedas follows:

0 Fillet welds of normal strength
plates do not generallyrequire

castings and thick
nondestructivecasting
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0 Butt welds or thick plates (up to around 2“) or
castings forming part of the shell will require
ultrasonic testing

0 For butt welds of thick plates or”castings much
over 2" in thickness,regardless of location,
radiographictestingwill be required

Where nondestructivetesting is not specificallyrequired
by the classificationsociety, the designermay still decide to
call for testing of thick plate welds. This would entail
either magnetic particle tests or ultrasonic inspections.

Asa synopsis of the various testing criteria discussed
above, it is assumed for the purposes of this study that only
the American Bureau of Shipping requirementsmust be satisfied;
this would represent the general,procedure.

5.2.5 Construction

The constructionof all the alternativestem frame and
hawsepipe designs developed in this study is consideredto be
feasible with existing shipyardmanpower and equipmentsubject
to the restrictionsimplied above.

Consequently,no additionalassumptionsor stipulations
are deemed necessaryregarding constructionrequirements.

5.2.6 Cost Estimates

5.2.6.1 General.

The cost estimates for various stern frame and
hawsepipe alternativedesigns were divided into the
following separate categories:

0 Material

0 Welding

0 cutting

5-7



0 Patters and Layout

0 Rolling, Jigging,Field
Heat Treating,Testing,

Cutting and Alignment,
Transportation

The cost estimatesare based on 1977 dollars
and are for constructingall parts in the United States.
Furthermore, the cost estimatesare based on producig a
single ship. Non-recurringcosts, such as patterns and
layout templates,will be spread over several ships of
a multiple order contract. It is felt that the cost for
the shipyard productionof a good casting pattern will be
approximatelyequal to five times the cost of producing
a good set of layout templatesfor weldment designs.

In the followingsubsections,each of the cost
categorieswill be discussed in more detail.and then
collectivelysummarized.

Additional details of the cost estimates appear
in Appendix C.

The costs are for the complete fabricationof the
stern frame or hawsepipe alternativesbut do not include
the cost of welding them into the ship structure.

5.2.6.2 Cost Categories

(a) Material

welding

several

account

The material costs include those for steel plates,
rods, castingsand weldments.

For plates a cost of $.25/lbwas obtained from
suppliersand verified by shipyards.

The costs of welding rods has been taken into
in the preparationof welding estimates.

The casting costs were obtained from the shipyards
except for the bolster alternativedesign for the
188, 990DWT vessel and all gudgeon castings,which were
estimatedusing availabledata on other similar castings.
The costs of manufacturing,heat treating,shipping to
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the yard, and testingare included in the overall
casting costs. Other costs associatedwith castings
are included elsewhere.

A number of fabricatedcomponentswere
assumed to be obtained from outside the shipyard.
These are:

0 The stern tube assembliesfor all conventional
welded stern tube alternativedesigns

0 The stern tubes and bossings of the inboard
accessible stern tube design alternatives

The costs of these componentswere estimated
on the basis of a direct quote obtained from a weldment
manufacturer for the 38,300 DWT vessel stern tube assembly.

The conventionalstern tubes of the larger vessels
were assumed identicalto those of the smaller vessels
since the actual sizes were very nearly identical.

The cost of the inboard accessible stern tubes
was determinedby adding a "net extra cost” of constructing
an IAST instead of the conventionalstern tube reported
in [28]. The weldment costs include those for material,
heat treatment, welding, testingand shipping. Internal
structures such as bearing supports have been accounted
for in both the conventionalstern tubes and the IAST’S
through the use of a 10% margin.

The final costs of materials for all the alternative
designs are given in columns 1 and 2 of the cost summary,
Tables 5-1, parts A and B.

(b)

all

0

For the determinationof welding costs for
cases, the followingprocedurewas used:

Measure length of various welds for the alternative
designs from the drawings
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0

0

Obtain weld metal weight per foot from Reference
[31]. Tables give the required data as a function
of weld type and thickness.

Obtain cost of welding per lb. of weld metal from
Reference [32]by assuming a 30% operating factor
defined as actual arc welding time to elapsed time.
A labor plus overheadrate of $20 per hour was
assumed. The operatingfactor of 30% is rather
low, but is consideredreasonable for field welding
of stern frames. In fact, one shipyard commented that
welding may require even a lower operating factor.

The welding costs are summarized in column 3
of Tables 5-1, parts A and B.

(c) Cutting

Reference [33] indicated that cutting costs
generally range from 15 to 40% of the material costs;
some shipyards commented that even 40% may be somewhat
low, but this figure was adopted in the study.

The results are listed in columns 3 and 4 of
Tables 5-1, parts A and B.

(d) Patterns-andLayout

Costs of patterns for castingswere obtained
from shipyards. These were taken to be 25% of one
cast assembly for stern frames and 100% of one cast
assembly for bolsters.

In the case of fabricatedstern frames, the
costs to the shipyard for the developmentof offsets and
scribing.of plates were assumed to be one fifth of the
pattern cost for castings. For the hawsepipe alternatives,
these costs are considerednegligible.

Cost figures for patterns and layouts are listed
in columns 4 and 5 of Tables 5-1, parts A and B.
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(e) Rolling, Jigging, Field Cutting and Alignment,
Heat Treating, Testing, Transportation(In Yard)

The numerous cost items listed here were
lumped into one category since data was not available
for each. Shipyard commentshave implied these costs
can amount to 150% of the material costs and this value
has been adopted for the analysesperformed in this study.

Similar costs applicable to castings were
assumed to be one fifth of those for weldments.

The cost figures for this category are shown
in columns 5 and 6 of Tables 5-1, parts A and B, for
stern frames and hawsepipesrespectively.

5.2.6.3

The total
unit of the stern

Summary of Costs for Various Categories

costs for the constructionof a single
frame and hawsepipe alternative designs

are given in columns 6 and 7 of Tables 5-1, parts B and A
for hawsepipes and stern frames respectively.

For a multiple productionorder of five units,
the COStS are shown in Tables 5-2. The difference is due
to the sharing of the pattern and layout template costs
over the five units. Note that the layout template costs
for weldment designs were taken as 1/5 of the pattern
costs for cast designs. No advantageswere given for
learning in any of the configurations.

The costs for both single and multiple ships
indicate that fabricatedstern frames, whether with
conventionaltubes or IAST’S, are significantlyless
expensive than cast stem frames.

The hawsepipe cost estimatesreveal that for
single ships the billboard type arrangement costs
approximatelythe same as a fabricatedconventional
hawsepipe with a cast shell bolster. For multiple
ships, the costs of the conventionalsystem decrease
somewhatwhile those of the billboard system do not.
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5.3 Discussion of Results

In section 5.2, it was stated that for the purposes of this
study, all factors except costs influencingthe producibility
of stern frames and hawsepipeswere assumed to remain equal for
various alternativedesigns. The reasons for this assumptionwere
cited in applicableplaces. Consequently,the producibilityof
these componentsis being measured on the basis of costs alone.
For individualcases, however, where some of the other producibility
factors might be importantand differentfrom what was assumed here,
the differencesmust be taken into account as previously indicated.

It is evident from a review of the cost summariesof Tables
5-1 and 5-2 that fabricated (all-welded)stern frames cost less
than all cast stern frames.

The all cast stern frame costs for the productionof a single
unit range between $418,000 and $524,000;while the range for all-
welded stern frames is $155,000 to S270,000. The accuracy of the
absolute numbers and their applicabilityto any and all shipyards
is naturally debatable;however, the trend becomes clear that all-
welded stem frames are more producible. The fact that they are not
selected by most shipbuilderstodaymay possibly be a result of
individualeconomic situations and possibly traditionalpreferences.

5-12



TABLE 5-1: Part A - Cost Summary for Alternative Stern Frame Designs

2



TABLE 5-1: Part B - COSt Summary for AlternativeHawsepipeDesigns



TABLE 5-2: Stern Frame and HawsepiDe

PART A Costs of AlternativeDesigns

for

Production of Five Units

Alternative Patern or
Design Layout Template

Cost
($)

Single
Unit
cost

($)

Cost per
Unit for
Five Units

($)
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TABLE 5-2: Stern Frame and Hawsepipe

PART B Costs of AlternativeDesigns

for

Production of Five Units

Alternative

Design

10. H.P.: Billboard
38,300 DWT

11. H.P.: Billboard
89,700 DWT

12. H.P.: Billboard
188,500 DWT
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

 
P i
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

National Steel and Shipbuilding Company, Dwg. No. 398-119-001,
Stern Frame, Sheets 1-3, 89,700 DWT Tanker
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APPENDIX A



LIST OF SURVEYS AND INTERVIEWS





1. What type of

constructing



Survey Questionnaire Continued



Survey Questionnaire Continued

Welding

1. What type of welding do you use to weld two heavy castings?

2. Is your yard capable, from the standpoint of qualified welder,

equipment and facilities, to weld thick  late? UP to what thickness? 

3. What is your capacity to stress relieve any

Vendor Supplied Castings and Forgings

1.

2.

3.

4.

5.

Names of vendors used for specific castings

frame or hawsepipe).

welded structure?

and forgings (for

What lead time do they normally require? Delay in delivery?

about rejections?

s t e r n

How

How do they normally charge for castings? For forging? By weight?

How is the actual size of any casting decided?

a)

b)

c)

In

Sole piece?

Stem tube?

Rudder carrier?

general, history of relations with vendors?
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APPENDIX. A.3

Table A. 1 lists the vessels by class and size which were 
examined and/or detail drawings for  stern frame and hawsepipe
arrangements obtained from their building yards.



(Avondale)

7.  Furnace can handle
across the doorway. For
reach 240,000 # - can be

8. Had good relations

a rudder horn turned
a 100,000 DWT Tanker
a problem.

with casting
Never held up vessel with castings.

BETH. SPARROWS POINT

1. Most of the ships built in this

vendors

sideways diagonally
the casting can

in general.

yard are:
Rudder with horn, semi-balanced rudder and transom stern.
No ships with shoe pieces. Normal configuration for hawsepipes
used in this yard, i.e. straight hawsepipe with upper and lower
halves of different thickness anti all fitted with shell and deck
bolsters. Recent ships have been fitted with a roller at the
deck instead of deck bolster (have not built a recessed anchor
pocket yet). They prefer a combination of casting and weldments.
Stern tube bossing, rudder gudgeons (including lower portion of
the rudder horn) are usually cast, the balance of the stern
frames are fabricated.

2. Stern frame is constructed as portion of the stern module. 
Hawsepipes are individually fitted into the bow structure.

3. The shipyard can construct any type of stern frame.
However, the stern frame itself should be one that can be
constructed. Recently, they bought a design from one shipyard
and they found out that it was not possible to construct the
stern frame as shown on the drawings. Some modifications had
to be made.

4. They never encountered any failures in the stern frames.

6. For best economy, keep design simple and easy to construct.
Labor costs are the largest single factor. Keep away from HTS.
Some designers use HTS but the scantlings are in accordance with
ABS rules for M.S. It is just a waste of money.

A-7



(Beth. Sparrows Point)

7. No cost data available. It is impossible to give a
single cost to reflect the costs on all ships.

8. Use manual electro-slag welding; never-use thermit
welding. The shipyard is equipped to weld any thickness of
plate. The size of the  stress  relief room    is  34’ long x 15’.
wide x 12’-6” height. Any component can be stress relieved
if it can be fitted into this room. For local stress relief,
there is no size limit.

10. The normal charge for  casting, with extra for pattern, if
the foundry has to supply it. NO figure for cost is worth
giving; it is too complex, however, if a figure has to be
given, would  say  $.70/# plus cost of pattern.

1. Inboard accessible stern tube is installed on the CHEVRON
Tanker. The tube was fabricated in this yard. 84” O.D.; 1“ &
31/2" plates. The 1“ plate extended to the aft collision Bhd.
Rudder horn was cast by Washington Iron Works of Seattle, Wash.
It was cast in 3 pieces and shipped to San Francisco, Bethlehem
Steel Shipyard for machining. The 3 pieces were welded in FMC.
The total weight of the rudder horn is 35 tons.

2. FMC can weld thick plates and has experienced no problems
so far.

4. For hawsepipe, they would use heavy duty pipe (commercially
hard drawn pipe) and cast bolster. Prefer exposed anchor, because
of its cheaper installation. They build model and check anchor

 housing.

5. On the CHEVRON Tanker, Nickum & Spaulding, owners’ design
agent, did some analysis. Owner had requirements in addition to
ABS requirements.
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(FNC Corp. )

8. They use submerged-arc welding whenever they can. Use
electro-slag and thermit welding for heavy work. They do 
not, however, have the equipment to do electro-slag welds.
Would have  to either procure the equipment or rent one.

9. 2“ thick plate is the thickest they ever weld. They
don’t see any problem with thicker plate even though they
have never done any.

10. Have no furnace for subassembly or component stress relief.
 For local stress relief, asbestos blankets and electric heaters

are used. This gives good results.

11. 12 to 15 months lead time is required for castings. This
is the latest delivery period they got from the bid they sent
out for a recent new construction.

INGALLS SHIPBUILDING

1. Stern frames have been completely fabricated
Needed to do this because not only cheaper for the
scheduling problems with castings. Just the LHA &
under construction at this time.

for 15 years.
yard but had
Destroyers

A-9



five years deliveries of castings had
a reasonably larger size, need 32 weeks

5 . They have welded in the past up to at least 5“ thick plate.

6. In  the  years  past, no real problems with vendors. In
recent years had more problems but never insurmountable.
Problems  were not big enough  to discourage completely the use
of casting.

NASSCO

3. Study made on SAN DIEGO Class Tanker for “Shell Oil”,
189,000 DWT. The casting for a single section weighs over
100 tons. No one in this country wanted to cast because of
weight. One mixed design for rudder horn, etc., was sent out
for cost estimate. Japanese yards suggested casting the whole
thing and their cost was so low that NASSCO went for casting.
Figure A-2 is a sketch of the stern frame arrangement for the
SAN DIEGO tankers.

4. COLORADO Class Ship, 38,000
were. made by National Forge. The
for a 45,000 T. ship.

Tanker. Six built, castings
same cast pattern can be used
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7.  All latest NASSCO designs have high holding anchors with
pockets. No chain pipe is needed, since chain locker is right
below the deck.

9. NASSCO does its own final machining; no serious problem;
about 10% extra is allowed for final machining.

10. They use manual electro-slag welding on stern frames, one
pass at a time with good pre-heat. They can weld any thickness
of plate or castings. They can do stress relieving by using
their furnace.

11. They remember hardly any rejections on stern frame or
hawsepipe castings for commercial ships. The vendors would do
any repairs needed such as sand inclusion. In commercial ships,
NASSCO requires more inspections than ABS calls for in high
stress areas; some x-rays, ultrasonics and die penetrant tests.

NEWPORT NEWS

1. They like the horn rudder configuration. Upper horn section
and stern tube are castings. All castings except rudder horn
were done at the yard’s foundry. They have welded webs in horn
casting. 



(Newport News)

two different thicknesses for
for top and bottom are chosen

hawsepipe: generally thicknesses
from previous designs.

3. They have looked at inboard accessible stern tubes,
but did not use.

4. Stern module of subassemblies contains stern frames.

6. Work scheduling requirements may call for the use of
castings  because  the  yard  can always do that work and needs to
keep  the foundry busy.

7. Shipbuilding in general is labor intensive. Stern frames
and hawsepipes are more labor intensive than other parts of ships.

8. Bethlehem has supplied the large castings for the ULCC.
The yard does all castings up to 75,000 # however.

9. Newport News developed their own design loads. Complete
analysis of the stern end for tanker was performed including a
full structural analysis.

10. They don’t anticipate using shell bolsters anymore.
They made tests for tanker anchor handling arrangements.

11. They use electro-slag welding. No thermit welding.
Unlimited thickness of plate can be welded.

12. They stress relieve the whole rudder. Avery large
furnace to stress relieve large structures is available.

SEATRAIN

1. The large tankers are designed with a large spade type rudder.

2. They have  no  foundry  and  accordingly  would  not  want  to do
a ship with large castings.
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(SEATRAIN)

4. Seatrain uses modular construction; builds from bottom up.
Bearing casting is welded accurately in place. Boring is done
 before the installation. Laser beams are used for centering
purposes.

5. They used “Norske Veritas” rules on the tanker. ABS rules
are not adequate for designing stern frames and bearings.

6. It is difficult to separate cost of welded stern frame
stern module.

would require pre-heating and stress
to be mild steel (175° for pre-heat).
require higher temperatures for

8. Lead time for castings range from 6 to 18 months, a real
problem. Now they don’t know where to go for castings.
Foundries  are  reluctant  because-ship’s castings are getting
to be too big and complicated with too many chances for
problems. Seatrain installed spade rudders on the tankers
because rudder horn castings would be too costly.

9. No shell bolsters on the oil tanker; had a support ring
near the end of hawsepipe originally but it was eliminated
because no wear was reported.

TODD LOS ANGELES

1. Presently under construction is the forebody of an
Ammonia carrier. This is to be joined with the stern of a
T-2 tanker in Portland, Oregon, by Northwest Marine and Iron
Works. Todd Los Angeles therefore has only the hawsepipes for
this vessel. No stern frame construction.

2. Previously, they have built end delivered 25,000 DWT tankers
for Marine Transport Lines and 35,000 DWT tankers for Zapata
Corporation. These two vessels had identical stern frames
and hawsepipes.
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(Todd LA)

4. The weight of the shell bolster casting was 7,300 Ibs.
each and the hawsepipes weighed 7,500 lbs. each. The original
lead time was 10-12 weeks (for shell. bolster only); it was actually
delivered in 6 months. No machining was done on this casting
in the shipyard. It was just sandblasted and installed.
Therefore no wastage information exists.

5. ABS rules were followed in the design of hawsepipe.
Todd’s opinion is that the ABS rules are explicit and simple.

6. The design agent had used a model of the hawsepipe and
shell bolster, but no load information is available at the yard.
The loads, reportedly, are  accounted  for  by  the  use of ABS
equipment numerals.

7. No operational failures were experienced on any hawsepipes
or stern frames in recent Todd Los Angeles memory. Production
problems experienced with the hawsepipes of Ammonia carriers are
fitting the bolster in place (requires very good ship fitters)
and welding (problems associated with welding castings to
mild steel).

8. On the 35,000 DWT tankers, the rudder horn and stern
tube are castings. Stern frame is of welded construction. The
yard, reportedly, received the rudder horn casting in “rough
machined” form and did the finish-machining themselves.

AMERICAN BUREAU OF SHIPPING

A. Hawsepipe

1 . There is no design load criteria for hawsepipes and bolsters.
Whatever is already in the ABS rules has been working well and
they are satisfied with it.
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0

0

0

0

Getting a sound casting, especially a large piece,
is a real problem.

Long lead times and often delays
casting from foundry to shipyard
in this country.

Change of sections is a problem,

Cannot be inspected thoroughly.

in the delivery of
are experienced

causes discontinuity.

Can only be surface
inspected. No x-ray can penetrate deep enough.

Corrosion in welds in sea water is a problem (have to
use expensive thermo-weld to repair).
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what they

o

0

0

8. ABS

. -
can remember:

Ships with shoe and without shoe are about 50-50.
For the ships with shoe pieces 90% are cast ones.

Ships with rudder horns, in general, use a combination
of castings and fabrication. Probably a little more
fabrication than casting.

For smaller size vessels, more are equipped with rudder
horn than with shoe pieces.

maintains that the classification requirements, i.e., the

J. J. McMULLEN

1. J. J. McMullen does not normally do any detail structural
work. Their main work is feasibility studies and contract
designs. In the contract design, the outboard or inboard
profile configuration includes the stem frame but the shipyards
can change it if they want to.

2. They have never specified any inboard accessible stern tube.
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(J.J. McMullen)

3. They usually use combined castings and weldments for
stern frames; stern bossing and rudder bearing supports are

They use BS or

6. They feel
They use one or

GEORGE SHARP

Norske Veritas rules.

that the class society rules are not adequate.
all of them for the design.

or inspection stages.

of 50,000 Kg/mm2.
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(Bethlehem Foundry) 

For  minor  repairs, the  defective   portion   is completely removed
to sound metal, then welded and locally stress relieved. For
major defects, a procedure of repair has  to  be submitted to
ABS for approval.

11. The most frequent defects are sand inclusion and shrinkage
cavities, but they never get to the point where the casting has
to be completely rejected.
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For minor repairs, the defective portion is completely removed
to sound metal, then welded and locally stress relieved. For
major defects, a procedure of repair has to be submitted to
ABS for approval.

11. The most frequent defects are sand inclusion and shrinkage
cavities, but they never get to the point where the casting has
to be completely rejected.
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APPENDIX B.1

BASELINE SHIPS’ DESIGNS

Figures B.1 through B.6 give schematic arrangements
of the stern frame and hawsepipe configurations existing on
the baseline ships discussed in Section 4.1.

On pages B-8 through B-10, an example of a billboard
type stowage system and the patented Kockums chain stopper
is presented. .
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APPENDIX B.2

BACK-UP DATA

FOR ALTERNATIVE DESIGNS

Tables B-1 through B-3 summarize some details of
the all welded stern frame alternative designs regarding
structural scantlings and their determination. Tables
B-4 through B-6 present similar data for the inboard
accessible stern tube type configurations and Tables
B-7 through B-9 are similar data for the hawsepipe
alternative designs.
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TABLE B-1 :

All Welded Stern Frames

38,300 DWT Tanker Alternative Design

Part Method of Design

1.

2.

3 .

4 .

5 .

6 .

7 .

8 .

9 .

10.

11.

81.6 # CVK Similar  to  Todd Dwg. No.
Stern Frame (S.F.) &  82872-s11-08-02
Rudder Horn (R.H.) 35,000 DWT Tanker

61.2 # S.F. Meets Norske Veritas,
Side Plates (P1.) dimensions and section

61.2 # Keel PI.

*163.2 # R.H.
Side P1.

*102 # R.H.
2 fwd web Pls.

*122.2 R.H.
aft web P1.

Modulus requirements, 20% over

Todd 56.1 #
10% over

Similar. to Todd

1/2"  less than Todd

Similar to Todd

*Note: Rudder Horn stresses are 27% lower- than
ABS required minimum for Todd’s scantlings with
MR&S dimensions. #5 was adopted with no
further calculation.

30.6 # Nose P1. Similar to Todd
R.H.

40.8 # BOt. P1. Similar to Todd
R.H.

Rudder Gudgeon Used size that would fit NASSCO
Upper, Lower Cast 38,300 DWT in profile and section

of R.H. T.E.

*Upper and Lower Flats Similar to Todd
Brackets, 30.6 # P1. with minor variations

*25.5 # pl. Floors Meets Norske Veritas required
thickness, 11% over

*Note: Floors, Flats and Shell Plate considered
similar structure and equal cost for both welded
and cast designs.
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Table B-1, cont’d.

Part             

12. Aft Stern Tube (Boss)

t = 5"

L = 10”

13. FWD Stern Tube

t =  3 "  

L = 30” 

14. Middle Stern Tube
Section

t = 1"

Method of Design

9% over N.V. required t
assuming shaft diameter = 24 1/2"

Length required in
plate to intersect

Similar to NASSCO
38,300 DWT design

Similar to NASSCO
38,300 DWT design

Similar to NASSCO
38,300 DWT design

order for shell. 
with thick section

t is 1/2“ less than used in NASSCO
38,300 DWT design
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Part

1.

2.

3.

4.

5.

6.

7.

8.

9*

10.

11.

12.

TABLE B-2:

All Welded Stern Frame

89,700 DWT Tanker Alternative Designs

81.6 # CVK
Stern Frame (S. F.) &
Rudder Horn (R. H.)

61.2 # Stern Frame
Side Plate (P1.)

61.2.# Keel P1.

163.2 # Side P1. R.H.

122.4 # R.H. 3 fwd web Pls.

142.8 # aft R.H. P1.

30.6 # Nose P1. R.H. -

R.H. Bet. Pi., 40.8 #

Rudder Gudgeon
Upper, Lower Cast

*upper and lower flats
brackets, 30.6 # P1.

*25.5 # P1. Floors

61.2 #           
plate which butts

to and is fwd of CVK
P1. below. the boss

Method of Design

Similar to Todd Dwg. No.
82872-S11-08-02
35,000 DWT tanker

Meets Norske Veritas dimensions
and section modulus requirements.

From 38,300 DWT vessel

Similar to Todd 35,000 DWT tanker

Similar scantlings as Todd 35,000
DWT tanker except with one extra
web due to a longer section
(parallel to water plane)

l“ thicker than for Todd
35,000 DWT,tanker

Similar to Todd. Not considered
in section modulus calculation.
Just a fairing plate. *

Similar to Todd*

Used size that would fit NASSCO
89,700 DWT tanker in section and profile

Similar to Todd* with minor
variations

Meets Norske Veritas minimum
required thickness

Similar to Todd* 50% over
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Table  B-2, cont'd.

*Flrs, flats, shell plate and Plate - above boss
considered similar structure and of equal cost for
both the welded and cast designs.

Part

13. Stern Tube
3

0

0

0

parts

Fwd bearing housing
3'10” OD x 36" L x 3“ t

Middle Stern Tube

Aft bossing
10’ L X 3’10”

t

OD X 5“ t

Method of Design

Boss thickness from N.V. rules
ODs or IDs, lengths from NASSCO
dwgs .
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TABLE B-3: 

All Welded Stern Frame

188,300 DWT Tanker Alternative Design

Part Method of Design

1. 81.6 # CVK  From previous practice

2. 61.2 # Side Plate (PI.) According to Norske Veritas rules
of Stern Frame (S.F.)

3. Rudder Horn (R.H.)

o 4 webs
3 fwd 122.4 #
1 aft 163.2 #

o 30.6 # Nose PI.

o 163.2 # Side P1.

O Bot. P1. 40.8 #

4. Upper and lower gudgeon

5. Stern Tube
3

0

0

0

parts

Fwd bearing housing
42" L x 37” OD x 3“

Middle Stern Tube
7 ’ L x l ” t

Aft bossing

Similar to
except for

Similar to

89,700 DWT scantlings
heavier aft web

NASSCO design

Boss thickness from N.V.
IDs, Lengths from NASSCO

t

rules
dwgs .

10’6” L x  3'l0” OD x 5“ t

Note: All structure and cost involved with floors,
flats, plating considered equal with same size ship
cast design.
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Part

TABLE B-4 :

38,300  DWT  Tanker  IAST Alternative Design

1. Stern tube fwd
40.8 # Plate (Il. )

2. Stern tube
middle and boss
20.4 # P1.

Method of Design

The whole stern tube is similar
to FMC Chevron tanker

Fabricated boss replaces the
cast bossing on FMC design

TABLE B-5:

89,700  DWT  Tanker  IAST Alternative  Design

Part Method of Design

1. Stern Tube The whole stern tube is similar
61.2 # Plate (P1.) to Seatrain 225,000 DWT tanker

2. Propeller Boss Replaces the cast bossing
204 # P1. shown on the Seatrain design

TABLE B-6:

188,500 DWT Tanker IAST Alternative Design

Part

1. Propeller boss
204 # Plate (P1.)

Method of Design

From Glacier-Herbert design
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TABLE B-7 : 38,300 DWT Tanker Conventional. Hawsepipe Alternative

Part Method of Design

1. Hawsepipe Meets ABS approximation formula
81.6 # Roller acquired from interview (not in
Plate (P1.) r u l e s ) . Thinner plate may be used

but presents a risk with respect to
wear over the life of the vessel

2. Shell bolster cast From NASSCO dwg.

3. 61.2 #
P1.

4 . Roller 

TABLE B-8:

Part

1 .

2.

3.

Dk insert Standard practice

Fairlead Standard practice

89,700 DWT Tanker Conventional Hawsepipe Alternative

Hawsepipe
81.6 # Rolled
Plate (Pi.)

Shell Bolster
cast

81.6 # Dk insert P1 .

Method of Design

ABS’ in-house formula

From NASSCO plan

Standard

TABLE B-9: 188,300 DWT Tanker Conventional Hawsepipe Alternative

Part

1.

2.

3.

Hawsepipe
81.6 # Roller
Plate (Pi.)

Shell Bolster
cast 

8-16 # insert

Method of Design

20% less than ABS in-house
recommendation formula

Shape from FMC dwg.

P1. Standard practice
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APPENDIX c

BACK-UP FOR

PRODUCIBILITY ESTIMATES

Cl: HEAT TREATING REQUIREMENTS

Table C-1 gives some minimum preheat and interpass temperature require-

ments for common weldable steels, which were developed by the American

Welding Society and  the  American Institute  of  Steel  Construction.

C.2 : BREAKDOWN FOR COST ESTIMATES

A  listing of the various cost elements considered in

alternative designs is presented in Table C-2.

the estimates for

The references and source  materials used  in  estimating  costs  for indiv-

idual  elements   also  are   shown  in  the  table. The  numbers for source

materials on the right-hand side of Table C-2 correspond to similarly

numbered documents which are on file in the MR&S offices.





TABLE  C-2: COST  ELEMENTS  AND REFERENCES

COST ELEMENTS REFERENCES/SOURCES I NO.

o Price-of Stern Frame and
Bolsters for NASSCO 38,200
DWT, 89,700 DWT and 182,500
DWT Tankers, plus weights

o Fonecon: NASSCO
1/26 /78

1

0 Approx. Price of Patterns
I

MR&S Calc. 2/4/78 2
Material Weights

Plating Weights for Feasi-
bility Designs
(Excluding stern tubes)

Fonecon: Ryerson Steel
2/10/78

o MR&S Calc.
1 / 3 1 / 7 8

3C o s t  o f  P l a t i n g

o Location of Weld
o Linear ft. of welding

4

0 MR&S Calc.
2 / 6 / 7 8

0 Weld Type
o Joint Type, P o s i t i o n

5

0
0

weight 1
metal

ft. o Chapter 12, Determining
Welding Costs, Lincoln
Electric, “Procedure
Handbook of Arc Welding”,
Tables 12- 2 , 3 , 4 , 5

6Weld metal
Cost, weld
$ per lb.

o Table III, p. 10
How to Determine Welding
Costs

7

0 MR&S Calc.
2 / 8 / 7 8

8

Cost of Flame Cutting Steel

Cost of Fabricating Stern

MR&S Compilation

o Fonecon: 2/8/78

9

10
Chicago Bridge and IronTubes

Cost of Shipping

o Fonecon: 1/12/78
Babcock & Wilcox

11

0. MR&S Calc.
2/10/78
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TABLE C-2 (Cont’d)

COST ELEMENTS I REFERENCES NO.

Weight of Avg. Stern I MR&S Calc. 13
T u b e ,  p l a t i n g 1/12/78

Lead Time for Stern Tubes
I

Fonecon: Chicago Bridge 14
and iron 2/10/78

I
Table II giving net extra cost "Stern Gear Design for Maxi-
of vessel with an Inbrd acces- mum Reliability - The Glacier
sible stern tube. This cost Herbert System" Trans. 1. Mar.
was used as an addition to the E. 1972 Vol. 84
price of conventional stern tube

15

Calculations for the weight of MR&S Calc.
shell  bolster used for  MR&S  feas. 1/ll/78
design Of the Hawse pipe arrange-
ment for 188,500  DWT tanker

16

Layout - Template Costs I MR&S Compilation 17

Rolling, Jigging, Field Cutting MR&S Compilation
and Alignment, Heat Treating,
Testing, Transportation Costs.

Misc. Material Quotes MR&S Compilation From
Chicago Bridge & Iron
and Babcock & Wilcox

18

19
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COMMENTS FROM THE U.S. SHIPBUILDING INDUSTRY

BASED ON REVIEWS OF PROJECT OUTPUT

Appendix
No. page

D.1 Summary of General Comments . . . . . . . . . . . . . . . . . D-1

D.2 Excerpts from Industry Comments . . . . . . . . . . . . .  D- 6 



APPENDIX  D. 1

SUMMARY OF GENERAL COMMENTS

The U.S. shipbuilding industry was kept involved with the
project throughout its progress through surveys, informal discussions,
and reviews of interim and draft final reports.

The background data from surveys and interviews are presented in
Appendix A.

The comments received from the industry during the second phase
of the study are summarized here.

1. Interim Report

The interim report submitted by MR&S was distributed by TODD
Seattle to members of the SNAME Panel SP-2.

This report presented the findings from the interviews, surveys
and the literature search. Specifically, the following were discussed:

o

0

0

0

0

0

0

0

“ various types of stern frames and hawsepipes observed

degrees to which castings, forgings and weldments are
incorporated into designs

joint types and welding processes employed in construction 

special facility requirements for construction
of components

practical restraints

regulatory restraints

pertinent recommendations of the

proposed changes to the contract
could make the effort to fulfill
efficient

.

interviewees

specification
its objective

and testing

which
more
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Comments were received from General Dynamics, the U.S. Coast
Guard, Puget Sound Naval Shipyard, and Avondale Shipyards. They did
not recommend any deviations from the intended course of action as
established by the project investigators.

Excerpts from some of the comments are included in Appendix D.2.

2. Alternative Designs and Producibility Studies

Towards the end of the second phase of the project, the interim report
and thereafter the draft final report were submitted to the organizations listed
in Table D-1. Presented for review were:

I
o alternative designs

o a qualitative discussion on productivity

o assumptions for weights and costs

o cost comparison for stern frame designs

o cost comparison for hawsepipes and billboard type
anchor handling systems

The reviewers were asked to discuss at least the following:

o the validity of the discussions and assumptions for
producibility studies

o the feasibility of the design alternatives

o the validity of the cost comparisons and suggestions
for any improvements

o submittal of as detailed a cost estimate as possible
using standard practices

Valuable comments were received from several reviewers. Excerpts
from some of the comments on the alternative designs and producibility
studies are included in Appendix D.3.

A majority of the comments on details of alternative designs have
already been incorporated into the drawings for these designs as presented
in Section 4.0.



The reviewers’ comments and criticism of the cost estimates for
the alternative stern frame and hawsepipe designs were carefully noted,
changes were made and incorporated into the final estimates presented
in this report wherever possible.

Following is a summary of these comments which were taken into
account in updating the initial estimates.

Bethlehem Steel

o

0

NASSCO

o

0

0

0

0

0

I n
of
t o
be
t o

addition to welding, the forming, handling and fitting
heavy plates in a stern frame unit contribute greatly
the cost. The accuracy of heavy formed plates must
assured in the shop since reshaping on the job is close
impossible with typical shipfitting equipment and

techniques.

Relative costs, in terms of $/lb seem to be correct.

price of steel, for fabrication, of 25c  per lb.
from the warehouse is O.K.

Casting prices 8-10% high.

Welding costs for fabricated stern frames 45% low.

Flame cutting costs for the fabricated stern frames is
approximately 40% low.

Under the heading heat treating, rolling forming, shipping
and inspection for fabricated stem frames, the cost
should be approximately two (2) times what is shown.

Castings are less expensive than fabricated components for
stern frames when three or more ships are being built
since pattern costs spread out. A one or two ship program
gets into an area where both costs are close to the point
that a detailed estimate would have to be developed to make
an accurate determination as to which is cheaper.
.



Todd L.A.

o

Avondale

o

0

0

0

0

Differences between weldment and casting costs appear
too large.

Serious reservations in regard to estimated total cost
of fabricated stern frames.

Agree with estimated cast prices.

Nothing seems to be allotted for:

- Jigging Time
- Lofting - Templates
- Field Fitting and Alignment

[If included in column #6 this
to cover the total scope.]

Welding and flame cutting seem

Expect prices for weldments to
above items.

Following qualitative comments, however,
into final estimates:

estimate is inadequate

to be adequate.

increase by 50% due to

could not be incorporated

o The security-of the anchor against movement in severe
sea conditions should be significantly more with the
traditional hawsepipe than with the billboard type
arrangements.

o Aesthetics may play the greatest role in the selection
of billboard types vs conventional hawsepipe arrangements
regardless of the economics.
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TABLE D-1 :

Organizations Contacted

for Review of Alternative Designs, and Producibility Estimates

o

0

0

0

0

0

0

0

0

0

0

0

0

and the Draft Final Report

National Steel and

Bethlehem Sparrows

Shipbuilding Company*

Point Shipyard*

Avondale Shipyards*

FMC Portland

Ingalls Shipbuilding

Newport News

Seatrain

Todd Los Angeles*

General Dynamics, Quincy*

Puget- Sound Naval Shipyard*

Sun Shipbuilding & Dry Dock Co.*

Bath Iron Works Corp.*

Kings Point Machinery*

* Comments were received from these organizations.
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APPENDIX D. 2

EXCERPTS PROM INDUSTRY COMMENTS

In response to Todd
the following comments on

Seattle's request, several
the progressive outputs of

GENERAL DYNAMICS, QUINCY

reviewers provided
the study.

Both castings and weldments have been used successfully for stern
frames and for  hawsepipes for a great many years. The economic viability
has vacillated over this time period with preference for castings when
they were obtainable for reasonable cost and when they were of high
quality . On other occasions there were those shipbuilders who found
that weldments could be produced at reasonable cost and with a good degree
of weld reliability. There are other factors that play vital roles in
selection of the type of component to be supplied. Of primary concern
is delivery and scheduling as well as handling and transportation avail-
ability. Another consideration is weight since this is directly related
to cost. As a rule, a weldment is lighter than a casting, but for stern
frames and for hawsepipes, because of the nature of their working functions
as major components of the complete vessel, it is desirable to have some
degree of mass to absorb forces and vibrations inherent in those areas.
Consequently, judgement must be applied to meet the needs on a case basis.
Another consideration is the aesthetic effect, especially upon visible
hull form as in way of hawsepipes. A second element present in conven-
tional hawsepipe design is the stowage performance of the anchor and its
impact upon the ultimate configuration chosen. In many instances, the
only workable configuration obtainable requires the use of a casting made
from a rather complicated shaped pattern. A l/8th scale hawsepipe model
should be employed to assure a working solution to the vessel's anchor
stowage. It is noted that several vessels have been built with overly 
simple welded hawsepipes that were low in initial cost but would not
house or handle an anchor successfully. These installations presented
problems throughout the life of the ship and were costly to rectify.

The use of billboards for anchor stowage is prevalent among many
mobile offshore drill rigs as well as with VLCC’S and ULCC’S, In these
cases simplicity is obtained and aesthetics plays little or no part in
the appearance created. The selection of billboards or conventional
hawsepipes for a vessel will be dictated by the owners’ preference as
well as by the economics involved. This facility has no first-hand
experience with billboard stowage and reserves judgement on its perform-
ance. Most hawsepipes have been one piece castings regardless of size
to assure retention of all the necessary features obtained through the
model and pattern resulting in a workable stowage. Other hawsepipes
have consisted of shell bolsters and deck bolsters connected internally
with a fabricated pipe. Hard welds on the wearing surfaces were provided.
This type hawsepipe proved reliable and within reasonable cost.
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When the cast stern frame design is supplanted by a built-up
welded fabrication, it is still necessary to retain castings in certain
areas (viz., gudgeons). Forgings may replace these castings in some
instances but a degree of bulk is a desirable feature for these items.
The welding of the several pieces comprising a built-up stern frame
is usually manual because of the irregular configurations involved.
Pre-heating is required for both castings and plates. Allowance for
distortion, shrinkage and alignment movement must be made when
setting up the component parts. The welded attachments of the stern
frame to the hull structure (viz., floors and shell) is the same type
of operation regardless of whether the stern frame is a casting or
a  weldment.

The castings and/orweldments  depicted on plans 5037.1 to 5037.15
are representative of the designs existing or proposed but are not
exclusive. Many variations could be derived and employed in their stead.
All designs embody some features that are desirable.

The cost studies made for the subject designs appear to be
reasonably relative without stressing the specific dollar values
presented. If dollar cost is the sole consideration, the weldments
are always the lowest price; however, other factors must be considered
when a selection is made. The above statements are made without the
etailed cost analysis that a cost estimator would perform when submitting
a firm bid on any specific proposal.

Specific comments are as follows:

o The researcher demonstrates an adequate knowledge
of the objectives of the project.

o The tables in Section 3.1.2 of the interim report
are not. in-depth enough (it was explained that they
were merely a, synopsis of many detailed trip reports -
GD was satisfied with that answer).

o The cost of welding and heat-treating
is a definite cost consideration when
alternatives to castings.

o Shipyards and foundries should have a
better quality and delivery time.

in northern yards
considering

“deal” to get

o A section in the final report on details the foundry
would like from the naval architect would be helpful -
a sort of “Foundry Guidelines for the Naval Architect.”

o No comments to offer; have no objections to any
aspect of the interim report.
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AVONDALE SHIPYARDS

In general concurrence with the discussions and assumptions, and
the feasibility of the design and alternatives.

Has serious reservations regarding the estimated total cost of
the fabicated stern frames, specifically for the jigging time, lofting -
templates, and field fitting and alignment. These comments have been
noted. and incorporated into cost estimates presented in Section 5.0. 

Specific comments on study results are:

o Satisfied that the researcher has a good understanding
of the project and is proceeding in the

o The research does anticipate the yard’s

o Particularly interested in the proposed
designs concerning the “Billboard” type
system.

.-
right direction.

needs.

feasibility
anchor handling

PUGET SOUND NAVAL SHIPYARD

TO the best of our knowledge, chain rollers have not been used on
Naval vessel anchor chains. They have, however, been used extensively
on new construction oil and bulk carriers, especially the 200,000 plus
DWT VLCC .

A review of the attached feasibility design indicates a considerable
weight saving could be realized through the reduction in size of casting
used for hawsepipe and shell bolster. This savings would be offset some-
what by the cost and weight of the chain roller. No information is avail-
able on the type of chain roller generally used or their cost.

Current new construction Naval vessels have utilized conventionel
design for hawsepipes, i.e., large castings. Since PSNS is no longer a
new construction yard, it is anticipated a considerable time period will.
elapse before local work with chain rollers could materialize.

The use of chain rollers and welded hawsepipes would be an
acceptable replacement for cast deck edge bolsters.

Specific comments are:

o Researcher’s understanding of objectives adequate.

o Realizing that this is an interim report, it is hoped
the data in the final report will be more complete and
factual.
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0 The coverage of the inboard accessible stern tube is
too limited. This is a relatively obscure type and
information should be provided on relative merits
compared with the conventional type.

o It should be helpful to investigate rudder, anchor
stowage, and stern tubes from the operators’ point
of view as an additional aid in selection of systems.

BETH. SPARROWS POINT (CTD)

Lead time for castings: Our experience has been that lead times
can vary from 6 to 10 weeks for a  1500 pound casting; up to 24 to 28
weeks for a 180,000 pound casting.

Casting design: Casting design should be discussed with each
foundry being considered as a vendor. Techniques vary considerably
from foundry to foundry as does quality. Simplification of casting
design is highly desirable since it has a direct.bearing on quality.
Many foundries have lost their ability to produce castings of acceptable
quality such as those shown in designs 5037.1 to 5037.3.

Casting size and availability: Extremely large castings should
be avoided if possible. Generally a more satisfactory structure can be
obtained by a composite design of castings and weldments. Castings thus
can be used only where accessibility for welding is a problem or where
pure mass is required such as the stern tube boss.

Casting defects: The real problem arises when the foundry and the
shipyard disagree on whether or not a casting is repairable. Foundries
will often spend weeks excavating and welding a large defect in order
to save a casting. The result may still be unsatisfactory to the shipyard.

Inspection of castings: Few foundries have facilities for x-raying
sections over several inches thick. Ultrasonic tests not only provide
an acceptable substitute but in many cases are far superior to x-ray.
Interpretation of UT reading is the key to such testing and it should be
the responsibility of the shipyard to have their UT expert on hand for
foundry UT of castings.

Rolling and forming of heavy plates: Farming out the shaping of
heavy plates is not as easy as it might appear. There are few facilities
in this country with equipment heavy enough to handle high strength plates
say 5 inches thick. Our Bethlehem, Pa. plant has rolled 3“ stem tubes and
has formed 5“, 80,000 psi yield strength rudder horn side plates. A recent
stem tube was designed as a composite of castings in way of the tail shaft
bearing and the inner bearing with the 3“ rolled plate between for a total
length of over 30 feet.
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Welding costs: In addition to high welding costs for stern frame
weldments, the forming, handling and fitting of heavy plates  on a stern
frame unit contribute greatly to the COSt. The accuracy of heavy formed
plates must be assured in the shop since reshaping on the job is close
to impossible with typical shipfitting equipment. and techniques.

Billboard anchor handling: A billboard is an acceptable alternative
arrangement especially useful on large tankers and bulk carriers and for
ships with large bulbs since the chain generally leads further outboard.
Otherwise it offers few advantages and some disadvantages over a well
designed conventional hawsepipe arrangement.

Hawsepipes: I agree that billboards will generally be less costly
to build than traditional hawsepipes, however the security of the anchor
against movement in sea conditions for the designs shown does not approach
that of conventional hawsepipes. The self-stowing capability of the anchor
when hauling  in, especially if the anchor comes up with flukes against the
hull, must be verified by model tests.

NASSCO

“The general feeling is that castings are less expensive than fabric-
ations for stern frames when say three or more ships of the same size and
class are being constructed at the same time assuming the pattern costs to
be spread across the contract. A one or two ship program gets into an area
where both costs are close to the point that a detailed estimate would have
to be developed to make an accurate determination as to which is cheaper.”

“From the naval architect’s point of view, the only comment we have
is that the report does not say much about high-hold anchors, and their
influence on the type of bolster method to use.”

TODD LOS ANGELES

Reviewed the alternative stern frame and ahwsepipe designs and are
in general agreement with the conclusions noted.

Additional comments are as follows:

o It is our assumption that the foundry is responsible
for making the pattern, with the final ownership of it
a matter of negotiations.

o Casting designs should be largely worked out in the
early stages of production planning rather than prior
to the start of production.

o Thermit welding used in conjunction with castings does
not require placing the unit in an oven for stress
relieving. Localized stress relieving is sufficient.
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o Casting  designs, and therefore costs, seem somewhat
heavy in comparison to the equivalent weldment. This
comment necessarily is based on gut feel rather than any
in-depth engineering analysis of the comparative designs.

SUN SHIPBUILDING

" . . . We had occasion last year to make a detailed comparison of a
weldment and a casting for a complex stern assembly. The result of this
study confirms your conclusions. The cast stem piece was about  20% more
costly than a weldment. In this case, the estimator tried to price out
the actual cost of the weldment, up to the point at which it was in the
same condition as a casting ready for installation.”
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APPENDIX E. 1

BIBLIOGRAPHY

A. Text and Reference Books

1. “Principles of Naval Architecture, ” Edited by J.P. Comstock,
Society of Naval Architects and Marine Engineers, New York, 1967.

2. “Design and Construction of Steel Merchant Ships,” Edited
by D. Arnott, SNAME, New York, 1955.

3. “Ship Design and Construction,” Edited by A. D’Arcangelo,
SNAME, New York, 1969 (Revision of Entry No. A.2)

4. “General Design of Warships,” William  Hovgaard, London, 1920.
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Section 6).
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APPENDIX   E. 2 

RELEVANT EXCERPTS FROM REFERENCES

General

Most of the text and reference books listed in the bibliography
section contain chapters discussing stern frames; some also contain
discussions of hawsepipes and anchor handling/stowage arrangements.

The most complete treatment of both components can be found in
entries numbered A.2 and A.3. The latter is the revised final edition
of the former. Some of the material contained in A.3 has actually been
used in the study as referenced in appropriate sections. Two excerpts
from entry  B.6 discussing the stern frame and hawsepipe/anchor pocket
design and construction for .a class of 28,000 ton tankers is presented
on pages E- 4 through E- 8.

Publications and journals of the professional technical societies
contain few articles directly related to stern frame and hawsepipe
design and construction. The treatment of these components is generally
covered in the complete ship design and structural arrangement
discussions,

E-3



THE   DESIGN  OF A CLASS OF  28,000-TOX  TANKERS



The  rudder  is  balanced, streamlined. In the
preliminary stages of the design a stern frame
with a fixed  rudder  post  had been  indicated , but
the balanced-type rudder was adopted later to
reduce the rudder  torque.  Th e  rudder area is

sels completed have demonstrated  excellent  ma-
neuverability. The turning circle (diameter at
full speed is about 3,000 feet (5 ships lenghts).

Reproduced from: Transactions, SNAME, 1950 -



SOME OBSERVATIONS ON SHIP WELDING

Arnott has discussed in detail the fabrication by
welding of Liberty and other ships, but he has in-
advertently Ieft out any question of the welding of
the heavy stern frames or the stems of these ships.
Therefore, this discussion should not be con-
sidered in any way as a criticism of what  Mr. Ar-
nott has written but rather as a supplement to
this.
As the paper dots not mention the construction

of the stern frames or stems, it may be assumed

Reproduced from: Transactions, SNAME, 1942

E-6



with one Thermit weld and many with two or
three of these welds, which, of course, all had to be 
made at the point of failure on the ship in dry dock
and in whatever position the break was found.
Many of these welds occurred at the inner end of 
the shoe and the melding of them required the re -
moval of some of the plating. Others occurred 
close to a  rudder-frame  gudgeon or close to the 
propeller boss and such positions, of course, were

member  of  stem frames welded by Thermit  and of 
th e   rigid  approval   called  for by the American Bu- 
reau  of   Shipping  and by Lloyd’s Register of Ship- 
ping, but we are very glad to report that in all of 
these  stern-frame   repairs, many  of  them made at
night with temperatures well below ireezing, we 

It was Iogical  therefore  when the Maritime 
Commission was  called upon to authorize the build- 
ing of ships  rapidly, that  it should call on Thermit

the  modern  ships are  equipped with either stream.
lined rudders or contra-molders and their stern
frames arc, therefore, streamlined in sections 
either in a triangular shape or in a frustrum of an
ellipse, these sections measuring from 30 to 35 

with the Maritime  Commission   and with the na-
val architects designing ships, and located the
Thermit welds in a way that would enable  the
stern frames to be built of four heavy castings  (in 
certain cases five) with the welds conveniently 10-
cated sufficiently  far away from the gudgeons and 
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SOME  OBSERVATIONS  ON  SHIP  WELDING

propeller  bosses  to  enable this work to be done ex-
Peditiously.  Such a weld takes from 500 to 900
pounds of  Thermit.

The welding is done on parallel-sided gaps pro-
vided by oxy-cutting the ends of the pieces after
they are lined up in position. The frame is usually
welded  in  a  horizontal position, in some cases at
the end of the ship and in other cases at a remote
point. Figs. 24 to 26 show various frames in vari-
ous stages of completion.

Obviously, it would  be difficult, if not impos-
sible, to instruct a shipyard how to repair the
broken stem  frames because  these  failures occur

 at all sorts  of  angles  and in all sorts of positions,
therefore the Metal & Thermit Corporation main-
tains a  staff  of expert  welders to handle these  re-
pairs. In the construction  of the  C-2'S, Liberty
ships and the various troop ships, the Metal &
Thermit  Corporation has found it entirely feasible
to instruct a yard in the Thermit welding method
and, after the completion of one or two stem
frames, to let this yard proceed on its own, with
occasional supervision   by the Thermit  Corpora-
tion.

Liberty ship  frames, which are of the single-bar
type, me much simpler to make in one casting.
This was done until recently, when orders  for Lib-

 erty ships became so widespread  that some of the
 smaller  foundries were  called  upon  to make the
cast-steel frames. In this case, the Maritime

cast-steel  frame in two or three pieces  Thermit
welded with either one or two welds.

In all of this construction, there is a very dis-
tinct advantage. In the first place, the smaller
castings involved in making the four pieces for the
Maritime  Commission  C-2 ships  or the two or
three pieces for the Liberty ships are almost bound
to be  very much  sounder. These  castings can be
designed  with the heavy propeller boss as the cen-
ter  or with the heavy  gudgeons  as a center. With
this  design, the castings  are  very  much simpler  to
make and the Thermit   welding  of these parts no
more difficult . The whole  operation  should result
in a better construction.

Reproduced from: Transactions, SNAME, 1942
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APPENDIX E.3

SYNOPSIS OF CLASSIFICATION SOCIETY RULES

FOR STERN FRAMES AND IIAWSEPIPES

The rules and regulations imposed on the construction and
classification of stern frames and hawsepipes by the three major
classification societies are excerpted below in summary form.

AMERICAN BUREAU Or SHIPPING

Stern Frames and Rudder Horns

o Stern frame scantlings are determined by

prescribed formulas where the scantling

dimensions are directly proportional to the 

square root of the ship length for vessels

over  590  f t .  l ong . Cast ing designs are to

fulfill the same requirements as above.

o Rudder horn scantlings are determined by a

prescribed formula for calculating stress in 

the horn and is a function of rudder area,

design speed of the vessel, bearing locations,

and the physical characteristics of the rudder

horn. The calculated stress is to meet prescribed

limits-set for fabricated and. cast designs.

“Hawsepipes

“Hawsepipes are to be of ample size and strength;

they are to have full rounded flanges and the least

possible lead, in order to minimize the nip on the

cables; they are to be securely attached to thick

doubling or insert plates by continuous welds the

size of which are to be in accordance with Section

30 for the plating thickness and type of joint

selected.”
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LLOYD’S REGISTER OF SHIPPING

Stern Frames and Rudder Horns

o Stern frame scantling sizes are determined by

prescribed formulas where the scantling dimensions

are directly proportional to the product- of a

constant and the square root of the ships summer

 draft. The constants are different for designing

fabricated stern frames as compared to cast.

o The rudder horn section modulus against transverse

bending is not to be less than that determined

by a prescribed formula which is a function of

the ship speed

of the horn.

Hawsepipes

and certain physical characteristics

“Hawsepipes and anchor pockets are to be of ample 

thickness and of a suitable size and form to house

the anchors efficiently, preventing, as much as

practicable, slackening of the cable or movements

of the anchor being caused by wave action. The shell

plating and framing in way of the hawsepipes are to

be  re in fo rced  as  necessa ry .  Re in fo rc ing  i s  a l so  to

be arranged in way of those parts of bulbous bows

liable to be damaged by anchors or cables.

Substantial  chafing l ips are to be provided at

shell and deck. These are to have sufficiently large

radiused faces to minimize the probabil i ty of  cable

l inks being subjected to high bending stresses.

Al te rna t ive ly , ro l l e r  f a i r l eads  o f  su i t ab le  des ign
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may be fitted. Where unpocketed rollers are used

it is recommended that the roller diameter be not

less than 11 times the chain diameter.”

DET NORSKE VERITAS

Stern Frames and Rudder Horn

o Stern-frame scantlings are determined  by prescribed

formulas where the scantling dimensions are

directly proportional to the product of a constant

and the square root of the ship length. The COn-

stants are different for designing fabricated

stern frames as compared to cast.

o The design of the rudder horn is determined by

prescribed calculations for shear forces, bending

moments and torque, where these results are used

in the minimum required section modulus, wall

thickness, and areas of horizontal section equations

which contain prescribed constants.

suitable form to house the anchors. At the upper and

lower ends of hawsepipes, there are to be substantial

chafing lips to prevent excessive wear in way of the

chains. The radius of curvature at the upper end

should be such that at least 3 links of chain bear

simultaneously on the rounded part.

Hawsepipes are to be arranged with an easy lead

of the cables from the windlass to the anchors. Upon

release of the brake, the anchor is immediately to

start falling by its own weight.
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The shell

be doubled or

“reinforced as

plating in way of the hawsepipes is to

increased

necessary

in

to

thickness and the framing

ensure a rigid fastening

of the hawsepipes to the hull.”
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APPENDIX E.4.1: CASE HISTORY

December 11, 1955

CAST STEEL STERN FRAME TROUBLES

As you all know the service record of cast steel stern frames has not
been entirely satisfactory, and stern frame repairs have been and still are
a source of great expense to the shipowners. One of the main sources of
trouble is lack of soundness which escapes detection by present methods of
inspection used in foundries; and is of many years standing, and is not con-
fined to vessels built during war years. Naturally, if it was economically

of these deep sub-surface defects would be detected and properly repaired and
for all practical purposes this whole problem would not exist. Until such
methods of detecting deep sub-surface defects are used it seems advisable to
suggest to the representatives from the leading casting producers that further
refinements of foundry practice are necessary. in view of the experience with
cast steel, some owners have already intimated their intention to use fabric-
ated welded stern frames made of a combination of castings, plate material and
forgings. (See Fig. 6). There are indications that this trend is underway
and it is gaining momentum. It is quite obvious that the number and size of
cast steel components to be used in these new designs will depend on the sub-
sequent service records of these new stern frames.

Three typical cast steel stern frame sketches (Fig. 1, 2, 3) are attach- 
ed which represent an aggregate service record of 20,000 ship years (service
of one ship for one year). With some minor modifications in design for some,
the above mentioned sketches portray the bulk of cast steel frames used in
merchant marine. Every time a ship is drydocked, routine inspection of the
stern frame is made by our Surveyors. Their survey reports describe a certain
number of defects that are segregated for convenience as follows:

1. Defects in Stern Frame Skeqs: The general location of the defects
are shown in the attached sketches, and their nature can be better understood
from the above photographs. At this point, it is pertinent to point out the
sad record of the skegs of some 10 Super-Tankers (601 feet length) built in
1949 and 1950, that accumulated a service record of some 32 ship years. Dur-
ing that period 9 tankers out of 10 developed serious stern frame defects
that had to be repaired and some frames more than once. In two cases, it was
necessary to renew the section. Skeg in question is shown in Fig. 4, with the
location where the majority of the defects have occurred.

A reflectoscope survey of the skeg of seven of the above tankers was
conducted by an independent testing laboratory, starting in December, 1951,
for the first one and completing the seventh one in May, 1952. The findings,
although inconclusive, disclosed the presence of sub-surface defects in the
nature of centerline porosity, inclusions or nests of hot tears. It was fur-
ther stated that the castings under investigation were either coarse grained
or spongy and good back reflections were not obtained which would
shadow on the general suitability of the reflectoscope inspection
this particular application.
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2. Fractures in way of Landing of Shell Plates to Stern Frames: Cracks
through the flange of the stern frame, at the toe of the fillet weld on one
side, and the relatively sharp radius of the frame on the other, as illus-
trated in Fig. 5a, have been the origin of serious troubles with sterm frames.
A number of photographs describes the magnitude and location of these frac-
tures, and discloses unsound cast meterial in way of them. Later improvements
in design, as shown in Fig. 5b and 5C wouId be effective only if the soundness
of the castings was insured.

3. Cracks in way of Core Holes: These fractures are illustrated in
the two attached photographs and sketches. It was found that in the original
castings, square holes-had apparently been left in the sides of these horn
pieces by the casting makers for core support. These holes had been closed
by welding square insert plates from the outside only, with welds that barely
penetrated half the thickness of the casting. Cracks followed the horizontal
edges of the welded insert plates. The detail drawings of these stern frames
that we approved for the design agents did not indicate such openings.

4. Other Miscellaneous Defects in Stern Frames: A full scale drawing
shows the depth and extent of cavities resulting from the complete removal
of unsound cast material in the upper section of stern frame, which was found
a few days after the frame was attached to the main hull on the ways. These
cavities had to be welded out of position and delayed the launching date of
the vessel. Two more cases are shown in a photograph and a sketch, where
defective cast material caused serious cracks in stern frames.

Serious pitting that develops on the surface of stern frames after
a relatively short service is generally associated with porous cast material 
that was covered by a thin layer of sound material which escaped visual
inspection. (See attached photo. )

The Frequency of occurrence of the above defects is as follows:

T2 Tankers: 525 tankers were built during the period 1943-1945,
over 450 of them are still operating and they accumulated a service record of
3800 ship years. During that time 170 stern frames developed defects in the
skegs that required repairs and some frames more than once. These repairs
consisted of removing the defective areas and arc welding the cavities.
Except in 10 cases it was possible to fill them by thermit welding and in 17
other cases the castings were so poor that it was necessary to renew the entire
section. 88 stern frames developed cracks in the way of the landing of shell
plates to stern frames. 25 stern frames were repaired in other miscellaneous
locations. This amounts to 0.72 stern frame trouble for every ship operating
one year.

Victory Ships: 534 ships were built during the years 1944 and 1945.
Over 220 of them are still operating with a service record of 2700 ship years.
During this period 19 developed defects in the skegs, 4 of which had to be
renewed. 80 stern frames had cracks in the core holes, 2 in the landing of
shell plates to frame, and 10 in miscellaneous other locations. The record
is 0.40 stern frame trouble for each ship year.
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STERN FRAME SKEG ANALYSIS

at  sect ion

L 1 and L4 - See sketch, in inches

See sketch, in ft,

E-21



HAWSEPIPE BOLSTER DESIGN GUIDELINES

THICKNESS OF WALLS FOR CAST STEEL HAWSEPIPES

.



u

FIGURE



APPENDIX E.5

A. B. GOTAVERKEN PATENT



Encl.

Re: Anchor Handling  on Deck

we hereby give you the following information  about our
new Anchor Arrangement.

The idea. to do something about the normal Hawsepipe
Arrangement arose after discussions with shipowners and 
captains. They  all pointed out the problems they  had
with slamming anchors, damaged  shell plates, bad worki-
environment in hard weather, specially when the vessels
grew in size and the anchor weights increased.

In 1975, after having consulted the classification
societies as Lloyd's Register of Shipping and Det norske
Veritas and maritime authorities in England and Sweden,
we introduced our new arrangement on a tank vessel built
to the owner Rethymnis & Kulukundis.

In 1976 we built another three vessels with this new
arrangement and the same year the Kockuns Shipyard
contacted us and showed their interest in a co-operation
which resulted in the fact that further two vessels
obtained this arrangement built by Kockuns during 1976
and 1977. 

We enclose one copy of our U.S. patent in which you will
find background and advantages of this new Anchor Arrange-
ment together with a pamphlet from Kockuns describing
their chain stopper combined with the Arendal technique
for another stowage.

We hope this will be to your satisfaction are we are glad
to give you further information if necessary.

Yours faithfully,

AB GOTAVERKEII
Arendal
0utfitting Design  

Technical Service Department dated 1977-09-14, File 5037-15,
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APPENDIX E. 6

INBOARD ACCESSIBLE

STERN TUBE BEARINGS

“GLACIER-HERBERT STERN GEAR SYSTEM”
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